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IDENTIFICATION OF THE MECA-79 ANTIGEN AND RELATED 
METHODS OF TBEATIN6 I.-SEI.ECTrN-MEDIATED CONDITIONS 

This application was made with government 
support under CA 71932, CA 48737 and CA 33000 awarded by 
5 the National Institutes of Health. The government has 
certain rights in the invention, 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

10 This invention relates generally to lymphocyte 

homing and pathologies involving chronic or acute 
inflammation mediated by L-selectin and, more 
specifically, to identification of the L-selectin ligand 
ant igen , MECA- 79. 

15 BACKGROUND INFORMATION 

In mammals, lymphocytes circulate in the 
vascular and lymphatic compartments, allowing maximum 
exposure of lymphocytes to foreign pathogens - 
Lymphocytes leave the vascular compartment at lymph 

20 nodes, traverse the lymphatic organs, and then return to 
the vascular system. This directed flow of lymphocytes 
is dependent on carbohydrate ligands present on 
specialized endothelial cells, known as high endothelial 
venules (HEV; Arbones et al . , Immunity 1:247-260 (1994)). 

25 Although the structure of these carbohydrate ligands is 

unknown^ lymphocyte binding to HEV depends on sialic acid 
on HEV and can be inhibited by fucosylated sulfated 
oligosaccharides (Rosen and Bertozzi, nurr- Biol, 
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261:261-264 (1996)). The homing receptor on lymphocytes 
is L-selectin^ which contains an amino-terminal 
carbohydrate-binding domain similar to that of the 
hepatic lectin. Carbohydrate-binding activity of these 
5 lectins is calcium-dependent^ and they are therefore 

termed ^^C-type" lectins (Drickamer, ^^Molecular Structure 
of Animal Lectins'' in Fukuda and Hindsgaul (Eds), 
Molecular Glvcobioloay Oxford University Press: Oxford, 
U.K. (1994)). Counterreceptors (ligands) on HEV capture 
10 circulating lymphocytes via L-selectin-dependent 

adhesion, leading to transmigration. It has been shown 
that L-selectin is required for this process (Arbones et 
al-, suprar 1994). 

The HEV-expressed counterreceptors (ligands) 

15 for L-selectin have thus far eluded molecular 

identification. Consistent with the presence of a C-type 
lectin domain at the amino terminus of L-selectin, all of 
the ligands identified to date contain carbohydrate-based 
recognition determinants. In mouse lymph nodes, two such 

20 ligands have been identified as GlyCAM-1 and CD34, both 
of which are sialomucins (Lasky et al.. Cell 69:927-938 
(1992); Baumhueter et al.. Science 262:436-438 (1993)). 
CD34 is a type I transmembrane glycoprotein, whereas 
GlyCAM-1 is a secreted molecule that lacks a 

25 transmembrane domain. Additionally, MadCAM-1, which 

contains a mucin domain in addition to Ig~like domains, 
can function as a ligand for L-selectin in Peyer' s 
patches (Berg et al.. Nature 366:695-698 (1993); and 
Bargatze et al., Immunitv 3:99-108 (1995)). Four human 

30 glycoprotein ligands have been biochemically identified, 
and two of these have been cloned as CD34 and podocalyxin 
(Berg et al., J. Cell Biol. 114:343-349 (1991); Puri et 
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al., J. Cell Biol, 131:261-270 (1995); and Sassetti et 
al., J- Exp, Med, 187:1965-1975 (1998)). All of the 
human and murine ligands are sialomucin-like, (Puri et 
al.r supra f 1995), and CD34 and podocalyxin have a 
5 similar overall domain structure (Figure 1) with 
significant sequence homology in their cytoplasmic 
domains (Sassetti et al . , supra^ 1998). Notably, only 
certain glycoforms react with L-selectin. For example, 
naturally occurring forms of GlyCAM-1, MadCAM-1, CD34 and 
10 podocalyxin exist which fail to bind L-selectin due to 

the absence of necessary post-translational modification 
(Berg et al-. Nature 366:695-698 (1993); Puri et al., 
supra^ 1995; Sassetti et al., supra^ 1998; and Dowbenko 
et al., J. Clin. Invest. 92:952-960 (1993)). Thus, 
15 although CD34 and podocalyxin are widely distributed on 
vascular endothelium, a limited number of vessels 
(including HEV) express L~selectin-reactive glycoforms 
(Sassetti et al., suprar 1998; and Baumhueter et al.. 
Blood 84:2554-2565 (1994)). 

20 GlyCAM-1 and CD34 were originally identified as 

L-selectin ligands in extracts of mouse lymph nodes using 
a recombinant L-selectin/IgG chimera (Lasky et al., 
supra r 1992; Baumhueter et al., supra ^ 1993; and Imai et 
al., J, Cell Biol. 113:1213-1221 (1991)). Furtheimore, a 

25 monoclonal antibody, MECA-79, stains HEV in mouse lymph 
nodes and blocks both lymphocyte attachment to HEV In 
vitro and short-term homing of lymphocytes to lymph nodes 
in vivo (Streeter et al.. Nature 331:41-43 (1988)). The 
MECA-79 monoclonal is remarkable in that it reacts with 

30 HEV across a wide range of species including mouse and 
human (Girard et al., FASEB J. 12:603-612 (1998)). 
Significantly, MECA-79 and L-selectin/IgG stain the same 
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complex of glycoproteins in mouse and hiiman lymphoid 
organs (Sassetti et al., supra, 1998; and Hemmerich et 
al-, J, Exp, Med. 180:2219-2226 (1994))- This complex of 
four or more glycoproteins defined by reactivity with 
5 MECA-79 is known as peripheral lymph node addressin 

(PNAd) - Although the structure of the MECA-79 antigen 
has eluded identification, the epitope is believed to be 
sulfated (Hemmerich et al., supra, 1994) and, in 
particular, to include a GlcNAc-6-sulf ate modification 

10 (Kimura et al., Proc, Natl. Acad, Sci, 96:4530-4535 
(1999) ) . Furthermore, previous characterization 
indicates that the MECA-79 epitope is independent of 
sialylation and fucosylation (Hemmerich et al., supra, 
1994; and Maly et al.. Cell 86:643-653 (1996). 

15 Nevertheless, the physiologically relevant sulfated 
structures necessary for L-selectin ligand activity 
remain to be identified. 

L-selectin and its ligands are implicated in 
lymphocyte recruitment in a variety of chronic 

20 inflammatory diseases, and L-selectin ligand activity 

including MECA-79 expression is induced on microvascular 
venular endothelium in rheumatoid arthritis, lymphocytic 
thyroiditis, and inflammatory bowel diseases such as 
Crohn's disease and ulcerative colitis (Michie et al., 

25 Am. J, Pathol. 143:1688-1698 (1993); and Salmi et al , , 

Gastroenteroloav 106:596-605 (1994)). Increased MECA-79 
expression also is associated with nonobese diabetes in 
the mouse and with transplant rejection (Hanninen et al., 
J. Clin. Invest. 92:2509-2515 (1993); and Toppila et al., 

30 Am- J- Pathol, 155:1303-1310 (1999))- 
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Methods of controlling L-selectin activity 
would be desirable in order to reduce inflammatory 
responses mediated by L-selectin. Such methods could be 
used to treat or prevent conditions such as acute or 
5 chronic inflammation; allograft rejection; or tumor 

metastasis. However^ methods of specifically controlling 
L-selectin activity await elucidation of the sulfated 
carbohydrate structure on L-selectin ligands, and 
identification of the enzymes that manufacture the 
10 L-selectin ligand carbohydrate determinants. 

Thus, there is a need for identification of the 
L-selectin ligand carbohydrate structure and 
identification of the enzyme or enzymes that produce this 
structure. The present invention satisfies this need and 
15 provides related advantages as well. 

SUMMARY OF THE INVKNTION 

The present invention provides a method of 
modifying an acceptor molecule by contacting the acceptor 
molecule with an isolated pl,3GnT, or an active fragment 

20 thereof, under conditions that allow addition of core 1 
GlcNAc linkages to the acceptor molecule, where the 
plrSGnT or active fragment thereof directs expression of 
a MECA-79 antigen. A pi,3GnT useful for modifying an 
acceptor molecule according to a method of the invention 

25 can have, for example, substantially the amino acid 

seguence of human pi,3GnT (SEQ ID NO: 2) or substantially 
the amino acid sequence of murine pi,3GnT (SEQ ID NO: 4). 

The invention also provides a method of 
treating or preventing an L-selectin-mediated condition 
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in a subject by reducing the expression or activity of a 
pi^3GnT that directs expression of a MECA-79 antigen. In 
a method of the invention^ the expression or activity of 
a pi^3GnT can be reduced, for example^ by administering 
5 to a subject an oligosaccharide L-selectin antagonist 
that inhibits the binding of L-selectin to a MECA-79 
antigen. Such an L-selectin antagonist can contain, for 
example, the oligosaccharide Galpl-*4 (SOg-^G) 
GlcNAc(il--3Gaipi-*3GalNAc or the oligosaccharide 

10 NeuNAca2-3Gal(Bl-4 [sulfo-6 (Fucal-3) GlcNAc] 

pi-^3Gaipi-^3GalNAcal, or, in another embodiment,, multimers 
of one or both of these oligosaccharides. In a further 
embodiment, an L-selectin-mediated condition is treated 
or prevented by administering to the subject inhibitory 

15 antibody material that specifically binds pi,3GnT. In 
yet a further embodiment, an L-select in-mediated 
condition is treated or prevented by administering to the 
subject a pi,3GnT antisense nucleic acid molecule that 
has, for example,, at least 20 nucleotides complementary 

20 to SEQ ID NO: 1 or SEQ ID NO: 3. In another embodiment, 
a method of the invention is practiced by reducing the 
expression or activity of a pi,3GnT that directs 
expression of a MECA-79 antigen in combination with 
reducing the expression or activity of L-selectin 

25 sulfotransferase-2 (LSST-2) in the subject. 

The present invention also provides an isolated 
L-selectin antagonist containing an extended core 1 
structure which includes the oligosaccharide 
Galpl-4 (S03-6)GlcNAcpi-3Gaipi-^3GalNAc. In a further 
30 embodiment, the invention provides an isolated L-selectin 
antagonist containing the oligosaccharide 

NeuNAca2-3Gaipi-4 [sulfo-6 (Fucal-3) GlcNAc] pl-3Gaipi-*3GalNA 
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cal- In yet another embodiment, an isolated L-selectin 
antagonist of the invention contains multimers of one or 
both the the oligosaccharides 
Gaipi-^4 {S03-6)GlcNAcpl-3Gaipi-3GalNAc or 
5 Galpl-4 (S03-6)GlcNAcpi-3Gaipi-3GalNAc. 

The present invention also provides an isolated 
polypeptide which contains an amino acid sequence 
encoding a L~selectin sulf otransf erase-2 (IjSST-2) , or an 
active fragment thereof, that directs expression of a 
10 MECA-79 antigen in Chinese hamster ovary (CHO) cells. An 
isolated polypeptide of the invention can have, for 
example, substantially the amino acid sequence of human 
LSST-2 (SEQ ID NO: 6) . 



15 The present invention further provides 

substantially purified antibody material that 
specifically binds a LSST-2 that directs expression of a 
MECA-79 antigen in CHO cells. Such antibody material, 
which can be polyclonal or monoclonal antibody material, 

20 specifically binds, for example, human LSST-2 having the 
amino acid sequence SEQ ID NO: 6. 

The present invention further provides an 
isolated nucleic acid molecule which contains a nucleic 
acid sequence encoding a LSST-2 or an active fragment 

25 thereof that directs expression of a MECA-7 9 antigen in 
CHO cells. An isolated nucleic acid molecule of the 
invention can encode, for example, a LSST-2 that has 
substantially the amino acid sequence of human LSST-2 
(SEQ ID NO: 6) and can be, for example, SEQ ID NO: 5. 

30 The invention further provides vectors and related host 
cells that contain a nucleic acid molecule encoding a 
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LSST~2 or active fragment thereof that directs expression 
of a MECA-79 antigen in CHO cells. In one embodiment, 
such a vector is a mammalian expression vector. 

The invention also provides an isolated 
5 antisense nucleic acid molecule which contains a 

nucleotide sequence that specifically binds to SEQ ID 
NO: 5, shown in Figure 4. Such an isolated antisense 
nucleic acid molecule can have, for example, at least 20 
nucleotides complementary to SEQ ID NO: 5. In one 
10 embodiment, an isolated antisense nucleic acid molecule 
contains a nucleotide sequence complementary to the 
sequence ATG. 

Also provided herein is an oligonucleotide, 
which contains a nucleotide sequence having at least 10 
15 contiguous nucleotides of SKQ ID NO: 5, or a nucleotide 
sequence complementary thereto. An oligonucleotide of 
the invention can have, for example, at least 15 
contiguous nucleotides of SEQ ID NO: 5, or a nucleotide 
sequence complementary thereto. 

20 The present invention also provides a method of 

modifying an acceptor molecule by contacting the acceptor 
molecule with an isolated LSST~2, or an active fragment 
thereof, under conditions that allow addition of a 
sulfate to a GlcNAc acceptor molecule, where the LSST--2 

25 or active fragment thereof directs expression of a 
MECA-7 9 antigen in CHO cells. A LSST-2 useful for 
modifying an acceptor molecule according to a method of 
the invention can have, for example, substantially the 
amino acid sequence of human LSST-2 (SEQ ID NO: 6) or an 

30 active fragment thereof- 
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The invention also provides a method of 
treating or preventing an L-selectin-mediated condition 
in a subject by reducing the expression or activity of a 
IjSST-2 that directs expression of a MECA-79 antigen in 
5 CHO cells. In one embodiment, an L-select in-mediated 

condition is treated or prevented by administering to the 
subject inhibitory antibody material that specifically 
binds LSST-2. In another embodiment, an 

L-selectin-mediated condition is treated or prevented by 
10 administering to the subject a LSST-Z antisense nucleic 
acid molecule that has, for example, at least 20 
nucleotides complementary to SEQ ID NO: 5. 

The invention also provides an isolated 
polypeptide that contains an amino acid- sequence encoding 
15 substantially the amino acid sequence of intestinal 
GlcNAc 6-sulfotransf erase ( I-GlcNAc6ST) or an active 
fragment thereof- Such a polypeptide of the invention 
can have, for example, substantially the amino acid 
sequence of SEQ ID NO: 8. 

20 

In addition, the invention also provides 
substantially purified antibody material that 
specifically binds an isolated polypeptide having an 
amino acid sequence encoding substantially the amino acid 
25 sequence of I-GlcNAc6ST or an active fragment thereof. 
Such antibody material, which can be polyclonal or 
monoclonal antibody material, specifically binds, for 
example, I-GlcNAc6ST having the amino acid sequence SEQ 
ID NO: 8. 

30 The present invention further provides an 

isolated nucleic acid molecule which contains a nucleic 
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acid sequence encoding an I-GlcNAc6ST or an active 
fragment thereof. An isolated nucleic acid molecule of 
the invention can encode, for example, an I-GlcNAc6ST 
having substantially the amino acid sequence of murine 
5 I-GlcNAc6ST (SEQ ID NO: 8) and can be, for example, SEQ 
ID NO: 7- The invention further provides vectors and 
related host cells that contain a nucleic acid molecule 
encoding an I-GlcNAc6ST or active fragment thereof. In 
one embodiment, such a vector is a mammalian expression 
10 vector. 

The invention also provides an isolated 
antisense nucleic acid molecule which contains a 
nucleotide sequence that specifically binds to SEQ ID 
NO: 7, shown in Figure 10. Such an isolated antisense 
15 nucleic acid molecule can have, for example, at least 20 
nucleotides complementary to SEQ ID NO: 7. In one 
embodiment, an isolated antisense nucleic acid molecule 
contains a nucleotide sequence complementary to the 
sequence ATG. 



20 Also provided herein is an oligonucleotide, 

which contains a nucleotide sequence having at least 10 
contiguous nucleotides of SEQ ID NO: 7, or a nucleotide 
sequence complementary thereto. An oligonucleotide of 
the invention can have, for example,- at least 15 

25 contiguous nucleotides of SEQ ID NO: 7, or a nucleotide 
sequence complementary thereto. 

The present invention also provides a method of 
modifying an acceptor molecule by contacting the acceptor 
molecule with an isolated I-GlcNAc6ST, or an active 
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fragment thereof, under conditions that allow addition of 
a sulfate to a GlcNAc acceptor molecule. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a model of lymph node HEV 
5 ligands for L-selectin. Four sialomucins recognized by 
MECA-79 are shown. GlyCAM-1, CD34, and Sgp200 have been 
identified in mouse lymph node. CD34, podocalyxin and 
Sgp200 have been identified in human tonsils- The 
complex, defined by purification with MECA-79, is denoted 

10 the peripheral lymph node addressin (PNAd) - The cDNA 

encoding Sgp200 (sulfated glycoprotein of 200 kd) has yet 
to be cloned. White circles designate posttranslational 
modifications including sialylation, fucosylation, and 
sulfation- CD34 and podocalyxin share the same overall 

15 structural organization, each having an amino-terminal 
mucin domain, a presumed globular domain with cysteines, 
a transmembrane domain, and homologous cytoplasmic tails. 

Figure 2 shows the human pi,3GnT nucleotide 
sequence (SEQ ID NO: 1) and predicted amino acid sequence 
20 (SEQ ID NO: 2) - 

Figure 3 shows the murine pi,3GnT nucleotide 
sequence (SEQ ID NO: 3) and predicted amino acid sequence 
(SEQ ID NO: 4) . 

Figure 4 shows the human L-selectin 
25 sulfotransferase-2 (hLSST-2) nucleotide sequence (SEQ ID 
NO: 5) and predicted amino acid sequence (SEQ ID NO: 6) . 
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Figure 5 shows a CLUSTALW alignment of mouse 
p3GalT-I, -II, -III and -IV and mouse p3GnT proteins. 
Conserved residues are shaded. • White arrows mark the 
positions of the cysteine residues conserved among pSGalT 
proteins. The black arrow shows the position of the 
cysteines conserved in the five proteins. 



Figure 6 shows In vitro siibstrate specificity 
of human pi,3GnT. 

Figure 7 shows MECA-79 staining of trans fected 
10 CHO/CD34 cells. 

Figure 8 shows the results of a rolling 
experiment performed with four stably transfected CHO 
cell lines. Open circles represent the 

CHO/CD34/FT7/hLSST-2 cell line. Open squares represent 
15 the CHO/CD34/FT7/hLSST-2/C2GnT-L cell line. Filled 
squares represent the CHO/CD34/FT7 /hLSST-2/core 1 
extension pl,3GnT cell line. Filled circles represent 
the CHO/CD34/FT7/hLSST-2/C2GnT-L/core 1 extension pi,3GnT 
line cell . 



20 Figure 9 shows inhibition of anti-MECA-79 

antibody binding to MECA-79-reactive CD34 chimeric 
proteins by synthetic oligosaccharides including 
sialylated and sialylated, fucosylated forms of the 
extended core 1 structure. 



25 Figure 10 shows the murine intestinal-GlcNAc 

6-sulfotransf erase (I-GlcNAc6ST) nucleotide sequence {SEQ 
ID NO: 7) and predicted amino acid sequence (SEQ ID 
NO: 8) . 
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DETAIIiED DESCRIPTION OF THE INVENTION 

Lymphocyte homing is important for the 
surveillance of foreign pathogens. Extravasation of 
lymphocytes in peripheral lymph nodes is mediated through 
5 L-selectin binding to L-selectin ligands, sulfated sialyl 
Lewis'' present on high endothelial venules (HEV) - 
Recently cloned L-selectin ligand sulf ©transferases (LSST 
or HEC-GlcNac6ST) form core 2-based selectin ligand 
functional in rolling assays (Hiraoka et al., Itmnunity 
10 11:79-89 (1999)^ and Bistrup et al., J, Cell. Biol. 

145:899-910 (1999)). The expression of LSST is highly 
restricted to HEV, while the sulfotransf erase GlcNAc6ST 
is more widely present and less specific in acceptor 
substrate requirement. 

15 Analysis of core 2 GnT-leukocyte type knockout 

mice has indicated that lymphocyte homing and expression 
of MECA-7 9 antigen persist even after the gene for the 
leukocyte type core 2 GnT has been inactivated (Ellies et 
al.. Immunity 9:881-890 (1998)). Structural analysis of 

20 L-selectin ligands in HEV of the knockout mice 

demonstrated that the major oligosaccharides remaining 
are based on extended core 1 structure such as 
NeuNAca2-3Gaipi-4 [sulf o-*6 (Fuccxl-3) GlcNAc] pi-3Ga5_pi-3GalNA 
cal-*R* As disclosed herein, a novel 

25 pi, 3-N-acetylglucosaminyl -transferase has been isolated 
that extends core 1 and forms 

GlcNAcpl-*3Gaipi--3GalNAcal-R. As further disclosed 
herein, human L-selectin sulf otransf erase-2 (hLSST-2)., is 
unique in the ability to produce, when co-trans fected 
30 into CHO cells together with pl,3-GnT, 

NeuNAca2-3Gaipi-4 [sulf o-6 {Fucal-3) GlcNAc] 
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pl-^BGaipi-^SGalNAcofl-^R, resulting in expression of the 
MECA-79 epitope. As further disclosed herein, 
oligosaccharides produced in CHO cells expressing both 
human pi,3GnT and human LSST-2 support 
5 L-selectin-mediated lymphocyte rolling (see Example III) . 
These results demonstrate that 6-sulfo sialyl Lewis X 
structures on core 1 or core 2 oligosaccharides can serve 
as L-selectin ligands on high endothelial venules . 

As further disclosed herein in Example IV, 

10 several synthetic oligosaccharides were compared for the 
ability to inhibit binding of anti-MECA-79 antibody to 
the MECA-79 antigen produced in the media of 
CHO/CD34/FT7/hLSST"2/core 1 pl,3GnT cells. As shown in. 
Figure 9, only the synthetic oligosaccharide with the 

15 6-S-extended core 1 structure (Gaipi-4 (SO3-6) 

GlcNAcpi-3Gaipi->3GalNAc) was able to inhibit antibody 
binding to MECA-79, defining Gaipi-4 (SO3-6) 
GlcNAcpi-3Galpl-3GalNAc as a minimal MECA-7 9 epitope - 
Sialylated or sialylated and fucosylated forms of the 

20 6-sulfo extended core 1 structure 

(NeuNAca2-3Galpl--4 [Fucal-*3 (sulf 0-6) ] GlcNAcpi-3Gaipi-3GalN 
Acal-^octyl) also were efficient inhibitors of antibody 
binding (Figure 9) . As further disclosed herein, the 
6-sulfo group was absolutely required, since 

25 non~sulfated, extended core 1 did not inhibit MECA-79 

antibody binding (Figure 9) - In addition, the terminal 
galactose residue in the N-acetyllactosaminyl core 1 was 
part of the epitope, since the agalacto form required 
more than a 10 fold greater concentration to achieve 

30 equivalent inhibition (Figure 9) . An absolute 

requirement for core 1 structure was also demonstrated, 
since sulfated AT-acetyllactosamine lacking a core 1 



wo 01/85177 



PCT/USOl/15452 



15 

structure did not show detectable inhibition (Figure 9) . 
These results indicate that the minimum epitope of 
MECA-79 is the sulfated, extended corel structure 
Galpl-4 (sulfo-6)GlcNAcpi-3Galpl-3GalNAcal-R, and that the 
5 sialylated and sialylated, fucosylated forms (6-sulfo sLe'' 
in extended core 1) retain MECA-79 reactivity. 

Thus, the present invention is directed to the 
long-awaited discovery of the structure and minimum 
epitope of the L-selectin ligand, MECA-79, and to 

10 identification of a pi, 3-N-acetylglucosaminyl transferase 
(pl,3GnT) and a human sulfotransf erase {hLSST-2) that can 
produce this ligand when co-expressed in CHO cells. 
These discoveries provide a basis for diagnosing and 
treating L-selectin-mediated conditions, including acute 

15 and chronic inflammation, transplant rejection and tumor 
metastasis. 

The present invention relates to an isolated 
polypeptide which contains an amino acid sequence 
encoding a pi,3GnT, or an active fragment thereof, that 
20 directs expression of a MECA-79 antigen in CHO cells. 
Such an isolated polypeptide can have, for example, 
substantially the amino acid sequence of human pi,3GnT 
(SEQ ID NO: 2) or substantially the amino acid sequence 
of murine pi,3GnT (SEQ ID NO: 4). 

25 The teinn "pi, 3-N-acetylglucosaminyl- 

transf erase, " as used herein, is synonymous with 
^'pi,3GnT" and means an enzyme that catalyzes the pi-*3 
linkage of a N-acetylglucosamine (GlcNAc) residue to an 
acceptor molecule. A pi,3GnT useful in the invention is 

30 a core 1 extension enzyme and, therefore, catalyzes the 
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|il-^3 linkage of a GlcNAc residue to the core 1 structure 
Galpl-3GalNAc-R. 



A pi,3GnT that directs expression of a MECA-79 
5 epitope can have, for example, substantially the amino 
acid sequence of the human pi,3GnT shown in Figure 2 as 
SEQ ID NO: 2 or substantially the amino acid sequence of 
the murine pi,3GnT shown in Figure 3 as SEQ ID NO: 4. 
Human pir3GnT polypeptide (SEQ ID NO: 2) is a type II 

10 membrane protein of 352 amino acids. . Human pl,3GnT (SEQ 
ID NO: 2) shares 66,5% amino acid identity with murine 
pi,3GnT (SEQ ID NO: 4). Regions highly conserved between 
human and murine pl,3GnT are present,, for example, at 
amino acids 158 to 245, 263 to 322 and 330 to 361 of SEQ 

15 ID NO: 2. As disclosed in Example IB, hiaman pl,3GnT (SEQ 
ID NO: 2) forms the MECA-7 9 antigen when expressed with 
L-selectin ligand sulf otransf erase-2 in Chinese hamster 
ovary (CHO) cells. Thus, such a pi, 3 GnT is 
characterized, in part, by the ability to direct 

20 expression of a MECA-79 antigen. 

The mouse monoclonal antibody, MECA-79, stains 
REV in mouse lymph nodes and blocks lymphocyte attachment 
to HEV in vitro as well as short-term homing of 
lymphocytes to lymph nodes in vivo (Streeter et al., 

25 supra ^ 1988) . Furthermore, the MECA-7 9 monoclonal 

antibody reacts with HEV across a variety of species and 
stains the same complex of glycoproteins in mouse and 
human lymphoid organs (Girard et al., supra ^ 1998; 
Sassetti et al., supra 1998; Heramerich et al. supra ^ 

30 1994). Thus, while the carbdhydrate -based recognition 
determinants on the HEV-expressed L-selectin ligands 
CD34, podocalyxin, Sgp200 and GlyCAM-2 remain unknown. 
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these L-selectin ligands contain the MECA-79 antigen 
(Henimerich, supra ^ 1994) . 

As used herein, the term ''''MECA-79 antigen" 
means a carbohydrate-containing epitope that specifically 
5 reacts with the MECA-79 monoclonal antibody described in 
Hemmerich, supra r 1994. An exemplary MECA-79 antigen is 
provided herein as Gaipi-4 (SO3-6) GlcNAcpi-3Gal(31-3GalNAc- 
The phrase ^^directs expression of a MECA-7 9 antigen" 
refers to production of a carbohydrate-containing epitope 

10 that specifically reacts with the MECA-79 monoclonal 
antibody- It is understood that an enzyme directs 
expression of a MECA-79 antigen" only under the 
appropriate conditions. Such conditions include 
availability of a core 1 acceptor molecule and an 

15 appropriate donor molecule and further include the 
presence of one or more additional enzymes- Human 
pl,3GnT together with the human sulf ©transferase LSST-2, 
but not other sulfotransf erases, directs expression of 
the MECA-79 antigen in CHO cells. 

20 The invention provides a method of treating or 

preventing an L-s^lectin-mediated condition in a subject 
by reducing the expression or activity of a pi,3GnT that 
directs expression of a MECA-79 antigen. If desired, a 
method of the invention can be practiced by reducing the 

25 expression or activity of a pi,3GnT that directs 

expression of a MECA-79 antigen in combination with 
reducing the expression or activity of L-selectin 
sulfotransferase-2 (LSST-2) in the subject. 

As used herein, the term ^^L-selectin-mediated 
30 condition'' means any pathology or disorder involving the 
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L-selectin Uganda MECA-79. Such an L-^selectin-mediated 
condition generally can be, for example, acute or chronic 
inflammation, allograft rejection, or tumor metastasis. 
An L-selectin-mediated condition also can be, for 
5 example, organ transplant rejection, which is typically 
accompanied by an influx of lymphocytes into the graft- 
For example, in a rat model of acute cardiac allograft 
rejection, Toppila et al, demonstrated the induction of 
L-selectin ligands including MECA-7 on flat-walled 

10 venules and capillaries within rejecting cardiac 

allograft (Toppila et al,. Am, J, Pathol, 155:1303-1310 
(1999)). Toppila et al. further observed a correlation 
between the staining intensity of L— selectin ligands on 
vessels and the severity of acute rejection of heart 

15 allografts in humans . L-selectin-mediated conditions 
further can include rheumatoid arthritis; inflammatory 
bowel diseases such as Crohn' s disease and ulcerative 
colitis; inflammatory disorders of the skin such as 
allergic contact dermatitis, psoriasis and Lichen planus; 

20 lymphomas; chronic pneumonia; delayed- type 

hypersensitivity reactions; diabetes; and hyperplastic 
thymus, each of which are characterized by expression of 
MECA-79 in HEV-like vessels (Rosen, Am. J. Pathol, 
155:1013-1020 (1999); see, also. Table 1). It is 

25 understood that these and other conditions of acute or 
chronic inflammation,, allograft rejection or tumor 
metastasis can be an ^^L-selectin-mediated" condition that 
can be treated according to a method of the invention. 
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Table 1 


Ii-selec^in-^medxated condi.'kxons 


Oxgall 


Dxsea.se parocess 


Hef exrence 


Synoviu 
m 


Rheumatoid arthritis 


Michie et al.. Am. J. 
Path. 143:1688-1698 
(1993) ; Van 

Dinther-Jansses et al., 
J. Rheum. 17-11-17 
(1990) 


Gut 


Crohn's disease 


Salmi et al . . , 
Gastroenteroloay 106:59 
6-605 (1994); 
Duijvestijn et al., J. 
Immunol . 138 : 713-719 
(1987) 


Gut 


Ulcerative colitis 


Salmi et al., Kur. J. 
Immunol . 22 : 835-843 
(1992) 


Skin 


Cutanteous sites of 
inflammation such as 
allergic contact 
dermatitis, psoriasis 
and lichen planus 


Michie et al . , supra ^ 
1993; Arvilommi et al., 
Eur. J. Immunol. 
26:825-833 (1996) 


Skin 


Cutaneous lymphomas 


Michie et al., supra ^ 
1993 


Lung 


Chronic interstitial 
pneumonia 




Skin 


Delayed-type 

hypersensitivity 

reaction 


Mackav et al., Eur. J. 
Immunol. 22: 835-843 
(1992) 


Pancrea 
s 


Diabetes 


Hanninen et al., 
Clin. Invest. 
92:2509-2515 (1993) 


Thymus 


Hyperplastic thymus 


Michie et al.. Am. J. 
Path. 147:412-421 
(1995) 



The term "reducing the expression or activity" 
as used herein to a |31,3GnT, means that the amount of 
functional pl,3GnT polypeptide or activity is diminished 
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in the subject in comparison with the amount of 
functional pl,3GnT polypeptide in an untreated subject. 
Similarly, when used in reference to LSST-2 expression or 
activity, the term ""^reduced" means that the amount of 
5 functional LSST-2 polypeptide or activity is reduced in 
the treated svibject as compared to an untreated subject. 
Thus, the term "reduced," as used herein, encompasses the 
absence of a pl,3GnT that directs expression of a MECA-79 
antigen or a LSST-2, as well as protein expression that 

10 is present but rGduc&d. as compared to the level of 

pi,3GnT or LSST~2 expression in an untreated subject. 
Furthermore, the term reduced refers to suppressed refers 
to pi,3GnT or LSST-2 protein expression that is 
diminished throughout the entire domain of pi,3GnT or 

15 LSST-2 expression, or to expression that is reduced in 
some part of the pi,3GnT or LSST-2 expression domain, 
provided that expression of the MECA-79 antigen is 
decreased. 



As used herein, the term "reduced" also 
20 encompasses an amount of pl,3GnT or LSST-2 polypeptide 
that is equivalent to wild type pi,3GnT or LSST-2 
expression, but where the pi,3GnT or LSST-2 polypeptide 
has a reduced level of activity. For example, mutations 
within the catalytic domain of pi,3GnT or LSST--2 that 
25 reduce glucosaminyltransf erase activity or 

sulfotransf erase activity, respectively, are encompassed 
within the meaning of the term ^'"reduced." 



The present invention relates, in part, to the 
use of carbohydrate-based drugs for treatment of an 
30 L-selectin-mediated condition such as rheumatoid 
arthritis, inflammatory bowel disease or diabetes. 
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Carbohydrate drugs are well known in the art and include, 
for example, Acarbose, a maltotetrose analog for 
treatment of diabetes, which acts as a competitive 
inhibitor of sucrase and a-amylase (Bayer AG; Balfour and 
5 McTavish, Drugs 46:1025 (1993). Other carbohydrate drugs 
include Relenza™ (GG-167, zanamivir) , a sialic acid 
analog for treatment of influenza which is a selective 
inhibitor of viral neuramidases (Glaxo Wellcome/Biota; 
Hayden et al., JAMA 275:295 (1996), and SYNSORB Pk'*'**, an 
10 oligosaccharide conjugate for treatment of E~ coll 
0157. H7 infection developed by SYNSORB Biotech. 
Additional carbohydrate-based drugs are well known in the 
art (see, for example, Dumitrui (Ed. ) , Polysaccharides in 
Medicinal Applications Dekker, New York (1996)). 

15 

In one embodiment, the invention provides a 
method of treating or preventing an L-selectin-mediated 
condition in a subject by administering to the subject an 
oligosaccharide Jj-selectin antagonist that inhibits the 

20 binding of L-selectin to a MECA-79 antigen. Such an 
L-selectin antagonist can contain, for example, the 
oligosaccharide Gaipi-4 (SO3-6) GlcNAcpi-3Gaipi"*3GalNAc or 
the oligosaccharide NeuNAca2-3Gaipi-*4 [sulfo-*6 (Fucal-^3) 
GlcNAc] pi-*3Galpl-*3GalNAcal or, in another embodiment, 

25 multimers of one or both of these oligosaccharides. 

As disclosed herein, the MECA--79 epitope has 
the structure Galpl-4 (803-6) GlcNAcpl-^3Gaipi-3GalNAc and is 
based on a core 1 structure. As further disclosed 
herein, an L-selectin ligand contains the MECA-79 related 
30 structure NeuNAca2-3Galpl-*4 [sulf 0-6 (Fucal-3) GlcNAc] pi- 
3Gaipi-3GalNAcal. The term '^core 1," as used herein, 
means the core structure Galpl-*3GalNAc-*R. In conformance 
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with accepted carbohydrate and chemical nomenclature, 
^^Gal" means galactose; ^^GalNAc" means 
N-acetylgalactosamine; ^^GlcNAc" means 

N-acetylglucosamine; ^^SOj" means sulfate; and ^^NeuNAc'' 
5 means N-acetylneuraminate, also known as sialic acid. 

^^R" can be a serine or threonine residue of a peptide or 
protein or, for example, an octyl, O-methyl, 
p-nitrophenol, amino pyridine, or other convenient 
moiety. 

10 The term ^^oligosaccharide," as used herein, 

means a linear or branched carbohydrate that consists of 
from 2 to about 50 monosaccharide units joined by means 
of glycosidic bonds. The monosaccharide units of an 
oligosaccharide are polyhydroxy alcohols containing 

15 either an aldehyde or a ketone group. An oligosaccharide 
can have, for example, up to 5, 10, 20, 30, 40 or 50 
monosaccharide units. It is understood that ^^an 
oligosaccharide L-selectin antagonist" may have other 
non-carbohydrate components in addition to its 

20 carbohydrate component. 

An L-selectin antagonist also can be a 
glycocon jugate or glycomimetic based on the structure 
Galpl-4 (S03-6)GlcNAcpi-3Galpl-3GalNAc or NeuNAca2- 
3Galpl->4 [sulfo-6 (Fucal-3) GlcNAc] pi-3Galpl-3GalNAcal . 

25 Thus, an L-selectin antagonist of the invention can be a 
synthetic glycocon jugate or glycomimetic that retains the 
ability to inhibit binding of L-selectin to a MECA-79 
antigen (Yarema and Bertozzi, Curr. Ooin. Chem. Biol. 
2:49-61 (1998); Dumitrui, supra^ 1996). Multivalent 

30 glycocon jugates are particularly useful L-selectin 
antagonists of the invention. 
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As disclosed herein^ the MECA-79 epitope is 
formed, in part, by a core 1 extension enzyme (pirSGnT) 
which catalyzes the (Bl-*3 linkage of a GlcNAc residue to 
the core 1 structure (Gaipi--3GalNAc-*R) and has the 
5 structure Gaipi-4 (SO3-6) GlcNAcpl--3Gaipi-*3GalNAc. Based on 
this discovery, the present invention provides an 
oligosaccharide L-selectin antagonist containing an 
extended core 1 structure which includes the 
oligosaccharide Gaipi-4 {SO3-6) GlcNAcpl-3Galpl-3GalNAc. In 
10 one embodiment, an isolated L-selectin antagonist 
contains the oligosaccharide NeuNAca2-^ 

3Gaipi-4 [sulfo- 6 {Fucal-3) GlcNAc] pi-3Gaipi-*3GalNAcal . In 
another embodiment, an L-selectin antagonist contains 
multimers of one or both of the oligosaccharides 

15 Gaipi-4 (S03-6)GlcNAcpl-3Gaipi-3GalNAc and 

NeuNAca2-3Gaipi-4 [sulf 0-6 (Fucal-3) GlcNAc] pl-3Galpl-3GalNA 
cal. In addition to the structural features set forth 
above, an L-selectin antagonist inhibits L-selectin 
activity, for example, by competing for binding to 

20 physiological L-selectin ligand- L-selectin antagonists 
also include variants of these structures which cannot 
accept a GlcNAc residue at the 3 position of galactose, 
such as structures in which C-3 of galactose is deoxy; or 
variants in which GlcNAc contains a 6-dehydro group. 

25 Other L-selectin antagonists can be core 1 structure 

derivatives which cannot accept a GlcNAc residue at the 3 
position of galactose. 

In a further embodiment, an L-selectin-mediated 
condition is treated or prevented by administering to the 
30 subject inhibitory antibody material that specifically 
binds pi,3GnT. In yet a further embodiment, an 
L-selectin-mediated condition is treated or prevented by 
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administering to the subject a pi,3GnT antisense nucleic 
acid molecule that has, for example, at least 20 
nucleotides complementary to SEQ ID NO: 1 or SEQ ID 
NO: 3. 

5 The present invention also provides an isolated 

polypeptide which contains an amino acid sequence 
encoding a L-selectin sulf otransf erase-2 (LSST-2) , or an 
active fragment thereof, that directs expression of a 
MECA-79 antigen in Chinese hamster ovary (CHO) cells. An 
10 isolated polypeptide of the invention can have, for 

example, substantially the amino acid sequence of human 
LSST-2 (SEQ ID NO: 6). 

As used herein, the term "isolated" means a 
polypeptide or nucleic acid molecule that is in a form 
15 that is relatively free from contaminating lipids, 

polypeptides, nucleic acids or other cellular material 
normally associated with the nucleic acid molecule or 
polypeptide in a cell. 

A LSST-2 polypeptide can have substantially the 
20 amino acid sequence of SEQ ID NO: 6. Thus, an LSST-2 
polypeptide of the invention can be the naturally 
occurring himan LSST-2 (SEQ ID NO: 6), or a related 
polypeptide having substantial amino acid sequence 
similarity to this sequence. Such a related polypeptide 
25 typically exhibits greater sequence similarity to human 
LSST-2 than to other sulfotransf erases such as murine 
LSST, and includes isotype variants, alternatively 
spliced forms and species homologs of the amino acid 
sequence shown in Figure 4. As used herein, the teirm 
30 ^^LSST-2" generally describes polypeptides having an amino 
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acid sequence with greater than about 50% identity, 
preferably greater than about 60% identity, more 
preferably greater than about 70% identity, and can be a 
polypeptide having greater than about 80%, 90%, 95%, 97%, 
5 or 99% amino acid sequence identity with SEQ ID NO: 6, 
said amino acid identity determined with CLUSTALW using 
the BLOSUM 62 matrix with default parameters, provided 
that such a polypeptide is able to produce the MECA-79 
antigen when expressed in CHO cells under the appropriate 
10 conditions. The previously described murine polypeptide, 
LSST (Hiraoka et al., supra, r 1999), which is not able to 
form the MECA-79 antigen when co-transf ected into CHO 
cells with hpi,3GnT, therefore is not a LSST-2 
polypeptide of the invention. 

15 The present invention also provides active 

fragments of a LSST-2 polypeptide. As used herein, the 
term "active fragment" means a polypeptide fragment 
having substantially the amino acid sequence of a portion 
of a LSST-2 that directs expression of a MECA-79 antigen 

20 in CHO cells, provided that the fragment retains the 
sulfotransferase activity of the parent polypeptide as 
well as the ability to direct expression of a MECA-79 
antigen in CHO cells. An active fragment of LSST-2 can 
have, for example, substantially the amino acid sequence 

25 of a portion of hioman LSST-2 (SEQ ID NO: 6). 

Sulfotransferase activity can be assayed, for example, as 
described in Hiraoka et al., Immunitv 11:79-89 (1999). 
Activity in directing expression of a MECA-79 antigen can 
be assayed as set forth in Example IB. 

30 



As used herein, the term "substantially the 
amino acid sequence," when used in reference to a LSST-2 
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polypeptide or an active fragment thereof, is intended to 
mean a sequence as shown in Figure 4, or a similar, 
non-identical sequence that is considered by those 
skilled in the art to be a functionally equivalent amino 
5 acid sequence. For example, an amino acid sequence that 
has substantially the amino acid sequence of a human 
LSST-2 polypeptide (SEQ ID NO: 6) can have one or more 
modifications such as amino acid additions, deletions or 
substitutions relative to the amino acid sequence of SEQ 
10 ID NO: 6, provided that the modified polypeptide retains 
substantially the ability to direct expression of a 
MECA-79 antigen in CHO cells, as described further below. 

Thus, it is understood that limited 
modifications can be made to a human LSST-2 polypeptide 

15 or another polypeptide of the invention (see below) , or 
to an active fragment thereof without destroying its 
biological function. A modification can be, for example, 
an addition, deletion, or substitution of one or more 
conservative or non-conservative amino acid residues; 

20 substitution of a compound that mimics amino acid 

structure or function; or addition of chemical moieties 
such as amino or acetyl groups- The activity of a 
modified LSST-2 polypeptide or fragment thereof can be 
assayed by transfecting an encoding nucleic acid molecule 

25 into CHO cells and assaying for expression of MECA-7 9 as 
disclosed herein- 

A particularly useful modification of a 
polypeptide of the invention, or fragment thereof, is a 
modification that confers, for example, increased 
30 stability- Incorporation of one or more D-amino acids is 
a modification useful in increasing stability of a 
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polypeptide or polypeptide fragment. Similarly, deletion 
or substitution of lysine can increase stability by 
protecting against degradation. 

5 The present invention also provides 

substantially purified antibody material that 
specifically binds a LSST-2 that directs expression of a 
MECA-79 antigen in CHO cells. Such antibody material^ 
which can be polyclonal or monoclonal antibody material, 
10 specifically binds, for example, human LSST-2 having the 
amino acid sequence SEQ ID NO: 6. 

A LSST~2 polypeptide or polypeptide fragment 
can be useful to prepare substantially purified antibody 
15 material that specifically binds a IiSST-2 which directs 
expression of a MECA-79 antigen in CHO cells. Such 
antibody material can be, for example, substantially 
•purified polyclonal antiserum or monoclonal antibody 
material. The antibody material of the invention be 
20 useful, for example, in determining the level of LSST-2 
polypeptide in a subject. 

As used herein, the term "antibody material" is 
used in its broadest sense to include polyclonal and 
monoclonal antibodies, as well as polypeptide fragments 

25 of antibodies that retain a specific binding activity for 
a LSST-2 polypeptide of at least about 1 x 10^ M~^. One 
skilled in the art would know that anti-LSST-2 antibody 
fragments such as Fab, F{ab')2 and Fv fragments can retain 
specific binding activity for a LSST~2 polypeptide and, 

30 thus, are included within the definition of antibody 

material. In addition, the term ^^antibody material," as 
used herein, encompasses non-naturally occurring 
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antibodies and fragments containing, at a minimiam, one V„ 
and one Vl domain, such as chimeric antibodies, humanized 
antibodies and single chain Fv fragments (sc^'v) that 
specifically bind a LSST-2 polypeptide. Such 
5 non-naturally occurring antibodies can be constructed 
using solid phase peptide synthesis, produced 
recombinantly or obtained, for example, by screening 
combinatorial libraries consisting of variable heavy 
chains and variable light chains as described by 
10 Borrebaeck (Ed.)/ Antibodv Engineering (Second edition) 
New York: Oxford University Press (1995)). 

Itotibody material "specific for" a IiSST-2 
polypeptide, or that "specifically binds" a LSST-2 
polypeptide, binds with substantially higher affinity to 

15 that polypeptide than to an unrelated polypeptide- The 

substantially purified antibody material of the invention 
also can bind with significantly higher affinity to a 
LSST-2 that directs expression of a MECA-79 antigen in 
CHO cells than to another sulfotransf erase that does not 

20 direct expression of a MECA-79 antigen in CHO cells. 

Anti-LSST-2 antibody material can be prepared, 
for example, using a LSST-2 fusion protein or a synthetic 
peptide encoding a portion of a LSST-2 polypeptide such 
as SEQ ID NO: 6 as an immunogen. One skilled in the art 

25 would know that purified LSST-2 polypeptide, which can be 
produced recombinantly, or fragments of LSST-2, including 
peptide portions of LSST-2 such as synthetic peptides, 
can be used as an immunogen. Non-immunogenic fragments 
or synthetic peptides of LSST-2 can be made immunogenic 

30 by coupling the hapten to a carrier molecule such as 

bovine serum albumin (BSA) or keyhole limpet hemocyanin 



wo 01785177 



PCT/USOl/15452 



(KLH) . In addition^ various other carrier molecules and 
methods for coupling a hapten to a carrier molecule are 
well known in the art are described, for example, by 
Harlow and Lane, Antibodies: A Laboratory Manual (Cold 
5 Spring Harbor Laboratory Press, 1988) ) . 

The term "substantially purified," as used 
herein in reference to antibody material, means that the 
antibody material is substantially devoid of 
polypeptides, nucleic acids and other cellular material 

10 which with an antibody is normally associated in a cell- 
The claimed antibody material that specifically binds an 
LSST-2 further is substantially devoid of antibody 
material of unrelated specificities, i.e. that does not 
specifically bind a LSST-2- The antibody material of the 

15 invention can be prepared in substantially purified form, 
for example, by LSST-2 affinity purification of 
polyclonal anti-LSST-2 antisera, by screening phage 
displayed antibodies against a LSST-2 polypeptide such as 
SEQ ID NO: 6, or as monoclonal antibodies prepared from 

20 hybridomas. 

The present invention further provides an 
isolated nucleic acid molecule which contains a nucleic 
acid sequence encoding a LSST-2 or an active fragment 
thereof that directs expression of a MECA-79 antigen in 

25 CHO cells. An isolated nucleic acid molecule of the 
invention can encode, for example, a LSST-2 that has 
substantially the amino acid sequence of hximan LSST-2 
(SEQ ID NO: 6) and can be, for example, SEQ ID NO: 5. 
The invention further provides vectors and related host 

30 cells that contain a nucleic acid molecule encoding a 

LSST-2 or active fragment thereof that directs expression 
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of a MECA-7 9 antigen in CHO cells. In one embodiment, 
such a vector is a mammalian expression vector. 

The term "nucleic acid molecule" is used 
broadly to mean any polymer of two or more nucleotides, 
5 which are linked by a covalent bond such as a 

phosphodiester bond, a thioester bond, or any of various 
other bonds known in the art as useful and effective for 
linking nucleotides. Such nucleic acid molecules can be 
linear, circular or supercoiled, and can be single 
10 stranded or double stranded DNA or RNA or can be a 
DNA/RNA hybrid. 

A sense or antisense nucleic acid molecule or 
oligonucleotide of the invention also can contain one or 
more nucleic acid analogs. Nucleoside analogs or 

15 phosphothioate bonds that link the nucleotides and 

protect against degradation by nucleases are particularly 
useful in a nucleic acid molecule or oligonucleotide of 
the invention. A ribonucleotide containing a 2-methyl 
group, instead of the normal hydroxyl group, bonded to 

20 the 2 '-carbon atom of ribose residues, is an example of a 
non-naturally occurring RNA molecule that is resistant to 
enzymatic and chemical degradation- Other examples of 
non-naturally occurring organic molecules include RNA 
containing 2 ' -aminopyrimidines, such RNA being lOOOx more 

25 stable in hinnan serum as compared to naturally occurring 
RNA (see Lin et al., Nucl . Acids Res> 22:5229-5234 

(1994) ; and Jellinek et al., Biochemistrv 34:11363-11372 

(1995) ). 



Additional nucleotide analogs also are well 
30 known in the art. For example, EU^A molecules containing 
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2'-0-methylpurine substitutions on the ribose residues 
and short phosphorothioate caps at the 3*- and 5 '-ends 
exhibit enhanced resistance to nucleases (Green et al-^ 
Chem. Biol. 2:683-695 (1995). Similarly, RNA containing 
5 2 * -amino- 2 ' -deoxypyrimidines or 2 • -f luro- 

2 ' -deoxypyrimidines is less susceptible to nuclease 
activity (Pagratis et al.. Nature Biotechnol. 15:68-73 
(1997) - Furthermore, L-RNA, which is a stereoisomer of 
naturally occurring D-RNA, is resistant to nuclease 

10 activity (Nolte et al . , Nature Biotechnol, 14:1116-1119 
(1996); Klobmann et al.. Nature Biotechnol, 14:1112-1115 
(1996) - Such RNA molecules and methods of producing them 
are well known and routine (see Eaton and Piekern, 
Ann, Rev, Biochem, 64:837-863 (1995)- DNA molecules 

15 containing phosphorothioate linked oligodeoxynucleotides 
are nuclease resistant (Reed et al . , Cancer Res, 
50:6565-6570 (1990) - Phosphorothioate-3 ' 
hydroxypropylamine modification of the phosphodiester 
bond also reduces the susceptibility of a DNA molecule to 

20 nuclease degradation (see TaCm et al., Nucl , Acids Res. 
22:977-986 (1994) which is incorporated herein by 
reference) . Furthermore, thymidine can be replaced with 
5-(l--pentynyl)- 2 ' -deoxoridine (Latham et al., Nucl- 
Acids Res. 22:2817-2822 (1994). It is understood that 

25 nucleic acid molecules, including antisense molecules and 
oligonucleotides, containing one or more nucleotide 
analogs are encompassed by the invention. 

The invention also provides vectors containing 
a nucleic acid molecule encoding a LSST-2. Such vectors 
30 can be cloning vectors or expression vectors and provide 
a means to transfer an exogenous nucleic acid molecule 
into a host cell, which can be a prokaryotic or 
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eukaryotic cell. Contemplated vectors include those 
derived from a virus, such as a bacteriophage, a 
baculovirus or a retrovirus, and vectors derived from 
bacteria or a combination of bacterial and viral 
5 sequences^ such as a cosmid or a plasmid. The vectors of 
the invention can advantageously be used to clone or 
express LSST-2 or an active fragment thereof- Various 
vectors and methods for introducing such vectors into a 
host cell are described, for example, in Ausubel et al,, 
10 Current Protocols in Molecular Biology John Wiley & Sons, 
Inc. New York (1999) . 

In addition to a nucleic acid molecule encoding 
a LSST-2 or active fragment thereof, a vector of the 
invention also can contain, if desired, one or more of 

15 the following elements: an oligonucleotide encoding, for 
example, a termination codon or a transcription or 
translation regulatory element; one or more selectable 
marker genes, such as an ampicillin, tetracycline, 
neomycin, hygromycin or zeomycin resistance gene, which 

20 is useful for selecting stable transf ectants in mammalian 
cells; one or more enhancer or promoter sequences, which 
can be obtained, for example, from a viral, bacterial or 
mammalian gene; transcription termination and RNA 
processing signals, which are obtained from a gene or a 

25 virus such as SV40; an origin of replication such as an 

SV40, polyoma or E. coli origin of replication; versatile 
multiple cloning sites; and one or more RNA promoters 
such as a T7 or SP6 promoter, which allows for in vitro 
transcription of sense and antisense RNA. 

30 In one embodiment, a vector of the invention is 

an expression vector. Expression vectors are well known 
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in the art and provide a means to transfer and express an 
exogenous nucleic acid molecule in a host cell. 
Contemplated expression vectors include vectors that 
provide for expression in a host cell such as a bacterial 
5 cell, yeast cell, insect cell, frog cell, mammalian cell 
or other animal cell. Such expression vectors include 
regulatory elements specifically required for expression 
of the DNA in a cell^ the elements being located relative 
to the nucleic acid molecule encoding LSST-2 so as to 

10 permit expression thereof- The regulatory elements can 
be chosen to provide constitutive expression or, if 
desired, inducible or cell type-specific expression. 
Regulatory elements required for expression have been 
described above and include transcription and translation 

15 start sites and termination sites. Such sites permit 
binding, for example, of RNA polymerase and ribosome 
subunits. A bacterial expression vector can include, for 
example, an RNA transcription promoter such as the lac 
promoter^ a Shine-Delgarno sequence and an initiator AUG 

20 codon in the proper frame to allow translation of an 
cimino acid sequence. 

Mammalian expression vectors can be 
particularly useful and can include, for example, a 
heterologous or homologous RNA transcription promoter for 

25 RNA polymerase binding, a polyadenylation signal located 
downstream of the coding sequence, an AUG start codon in 
the appropriate frame and a termination codon to direct 
detachment of a ribosome following translation of the 
transcribed mRNA. Commercially available laammalian 

30 expression vectors include pSI, which contains the SV40 
enhancer /promoter (Promega; Madison^ WI) ; pTarget™ and 
pCI, which each contain the cytomegalovirus (CMV) 
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enhancer/promoter (Promega) ; pcDNA3.1, a CMV expression 
vector (Invitrogen; Carlsbad, CA) ; and pRc/RSV, which 
contains Rous sarcoma virus (RSV) enhancer /promoter 
sequences (Invitrogen) . In addition to these 
5 constitutive mammalian expression vectors, inducible 

expression systems are available, including, for example, 
an ecdysone-inducible mammalian expression system such as 
pIND and pVgRXR from Invitrogen. These and other 
mammalian expression vectors are commercially available 
10 or can be assembled by those skilled in the art using 
well known methods. An example of a eukaryotic 
expression vector of the invention is pcDNAl • l/LSST-2 , 
described in Excunple II below. 

The invention also provides a host cell 
15 containing a vector that includes a nucleic acid molecule 
encoding a LSST--2 or an active fragment thereof. Such a 
host cell can be used to replicate the vector and, if 
desired, to express and isolate substantially pure 
recombinant LSST-2 using well known biochemical 
20 procedures (see Ausubel, supra^ 1999) - In addition, a 
host cell of the invention can be used in an in vitro or 
in vivo method to transfer sulfate to an acceptor 
m^olecule- Such host cells can be chosen or transfected 
to additionally co-express one or more additional enzymes 
25 involved in oligosaccharide biosynthesis, for example, 
the core 1 extension enzyme, hpi,3GnT. Such host cells 
can be used to prepare ligands having high affinity for 
the L-selectin glycoprotein receptor. 



Host cells expressing LSST-2 or an active 
30 fragment thereof also can be used to screen for selective 
inhibitors of LSST-2 or for agents that selectively react 
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with a L-selectin ligand. These agents can be 
administered to a subject to prevent or treat an 
L-selectin-mediated condition as described further below. 

Examples of host cells useful in the invention 
5 include bacterial^ yeast, frog and mammalian cells - 

Various mammalian cells useful as host cells include, for 
example, mouse NIH/3T3 cells, CHO cells, COS cells and 
HeLa cells. In addition, mammalian cells obtained, for 
example, from a primary explant culture are useful as 

10 host cells. Additional host cells include non-human 
mammalian embryonic stem cells, fertilized eggs and 
embryos, which can be routinely used to generate 
transgenic animals, such as inice, which express the novel 
LSST-2 of the invention. Transgenic mice expressing 

15 LSST-2 can be used, for example, to screen for compounds 
that enhance or inhibit the MECA-7 9 producing activity of 
this enzyme- Methods for introducing a vector into a 
host including electroporation, microinjection, calcium 
phosphate, DEAE-dextran and lipofection methods well 

20 known in the art (see, for example, Ausubel, supra , 
1999) . 

The invention also provides an isolated 
antisense nucleic acid molecule which contains a 
nucleotide sequence that specifically binds to SEQ ID 

25 NO; 5, shown, in Figure 4. Such an isolated antisense 

nucleic acid molecule can have, for example, at least 20 
nucleotides complementary to SEQ ID NO: 5. In one 
embodiment, an isolated antisense nucleic acid molecule 
contains a nucleotide sequence complementary to the 

30 sequence ATG. 
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An isolated antisense nucleic acid molecule can 
be useful to reduce LSST-2 expression, thereby treating 
or preventing an L-select in-mediated condition in a 
subject. Antisense nucleic acid molecules can, for 
5 example,- reduce mRNA translation or increase mRNA 

degradation and thereby suppress gene expression (see, 
for example, Galderisi et al., J. Cell Physiol , 
181:251-257 (1999)). Methods of using antisense nucleic 
acid molecules as therapeutic agents are well known in 
10 the art (see Galderisi et al., supra, 1999; Alama et al., 
Pharmacol. Res. 36:171-178 (1997); and Temsamani et al - , 
Biotechnol- Appl . Biochem, 26 (part 2):65-71 (1997)) 

The skilled artisan will recognize that 
effective reduction of LSST-'2 expression depends upon the 

15 antisense nucleic acid molecule having a high percentage 
of homology with the endogenous LSST-2 locus, for 
example, the endogenous human locus SEQ ID NO: 5. A 
nucleic acid molecule encoding human LSST-2 (SEQ ID 
NO: 5) provided herein is useful in the antisense methods 

20 of the invention - 

The homology requirement for effective 
suppression of gene expression using antisense 
methodology can be determined empirically. In general, a 
minimum of about 80-90% nucleic acid sequence identity is 

25 preferred for effective suppression of LSST-2 expression . 
More preferably, a nucleic acid molecule that is exactly 
homologous to the gene to be suppressed is used as an 
antisense nucleic acid molecule. Both antisense 
oligonucleotides of 20, 22, 25, 30, 35, 40 or more 

30 nucleotides, as well as antisense nucleic acid molecules 
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is expressed in a vector are contemplated £or use in the 
antisense methods of the invention. 

Also provided herein is an oligonucleotide^ 
which contains a nucleotide sequence having at least 10 
5 contiguous nucleotides of SEQ ID NO: 5, or a nucleotide 
sequence complementary thereto. An oligonucleotide of 
the invention can have, for example, at least 15 
contiguous nucleotides of SEQ ID NO: 5, or a nucleotide 
sequence complementary thereto - 

10 Oligonucleotides of the invention can 

advantageously be used, for example, as primers for PGR 
or sequencing, as probes for research or diagnostic 
applications, and in therapeutic applications- An 
oligonucleotide of the invention can incorporate, if 

15 desired, a detectable moiety such as a radiolabel, 

f luorochrome, luminescent tag, ferromagnetic substance, 
or a detectable agent such as biotin, and used to detect 
expression of LSST-2 in a cell or tissue. Those skilled 
in the art can determine the appropriate length and 

20 nucleic acid sequence of a LSST-2 oligonucleotide for a 
particular application. An oligonucleotide of the 
invention contains a nucleotide sequence having, for 
example, at least, 10, 12, 14, 16, 18, 20, 25, 30, 35 
or 40 contiguous nucleotides of SEQ ID NO: 5, or a 

25 nucleotide sequence complementary thereto. 

The present invention also provides a method of 
modifying an acceptor molecule by contacting the acceptor 
molecule with an isolated LSST-2, or an active fragment 
thereof, under conditions that allow addition of a 
30 sulfate to a GlcNAc acceptor molecule, where the LSST-2 
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or active fragment thereof directs expression of a 
MECA-79 antigen in CHO cells. A LSST-2 useful for 
modifying an acceptor molecule according to a method of 
the invention can have^ for example, substantially the 
5 amino acid sequence of human LSST-2 (SEQ ID NO: 6) or an 
active fragment thereof. In a method of the invention, 
an isolated LSST-2 can add a sulfate to the 6-position of 
GlcNAc. 

The term "acceptor molecule, " as used herein, 

10 refers to a molecule that is acted upon, or "modified, " 
by a protein having enzymatic activity. For example, an 
acceptor molecule can be a molecule that accepts the 
transfer of a sulfate due to the sulfotransf erase 
activity of a LSST-2 polypeptide. An acceptor molecule 

15 can be in substantially pure form or in an impure form 

such as in a host cell or cellular extract. An acceptor 
molecule can be a naturally occurring molecule or a 
completely or partially synthesized molecule. An 
acceptor molecule can contain one or more sugar residues 

20 prior to modification and can be further modified to 

contain additional sugar residues. An acceptor molecule 
useful in the invention contains the core 1 structure 
(Gaipi-*3GalNAc-^R) and can be, for example, CD34 as 
disclosed herein. Additional acceptor molecules include 

25 podocalyxin, Sgp200 and GlyCAM-1. 

In one embodiment, the invention provides a 
method of modifying an acceptor molecule by contacting 
the acceptor molecule with an isolated LSST-2 or an 
active fragment thereof in combination with an isolated 
30 pi,3GnT that directs expression of a MECA-79 antigen 
under conditions that allow addition of core 1 GlcNAc 
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linkages and sulfate to the acceptor molecule such that a 
MECA-79 antigen is formed. As disclosed herein, human 
pl,3GnT (SEQ ID NO: 2) and human LSST-2 (SEQ ID NO: 6) 
can be used together to modify a core 1 structure to 
5 produce the MECA-79 antigen, 

Gaipi-4 (S03-6)GlcNAcpi-3Gaipi-3GalNAc, in CHO cells. 

The invention also provides a method of 
treating or preventing an L-selectin-mediated condition 
in a subject by reducing the expression or activity of a 
10 IiSST-2 that directs expression of a MECA-79 antigen in 
CHO cells- L-selectin-mediated conditions as well as 
techniques for reducing the expression or activity of an 
enzyme such as LSST-2 are described hereinabove. 

As further disclosed herein in Example V, the 

15 mouse intestinal GlcNAc 6-sulfotransf erase can, in 

combination with a pl,3GnT, form the MECA-79 antigen in 
Lec2 cells, but not in CHO cells. In these cells, which 
are defective in Golgi sialylation, more core 1 extension 
product is formed by the core 1 extension enzyme, 

20 (31,3GnT- Under these conditions, murine intestinal 
GlcNAc 6-sulfotransferase (I-GlcNAc6ST) adds enough 
sulfate to form the MECA~79 antigen. Thus, the invention 
also provides a novel nucleic acid molecule that contains 
a nucleic acid sequence encoding substantially the amino 

25 acid sequence of I-GlcNAc6ST or an active fragment 
thereof. An isolated nucleic acid molecule of the 
invention can encode, for example, substantially the 
amino acid sequence of SEQ ID NO: 8 and can be, for 
example, SEQ ID NO: 7. In one embodiment, an isolated 

30 nucleic acid molecule of the invention encodes 
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substantially the amino acid sequence of SEQ ID NO: 8, 
provided that the nucleic acid molecule is not AI115260. 

The invention also provides an isolated 
5 polypeptide that contains an amino acid sequence encoding 
substantially the amino acid sequence of intestinal 
GlcNAc 6-sulfotransferase (I"GlcNAc6ST) or an active 
fragment thereof. Such a polypeptide of the invention 
can have, for example, substantially the amino acid 
10 sequence of SEQ ID NO: 8. 

An I-GlcNAc6ST polypeptide has substantially 
the amino acid sequence of SEQ ID NO: 8- Thus, an 
I-GlcNAc6ST polypeptide of the invention can be the 
naturally occurring I-GlcNAc6ST (SEQ ID NO: 8), or a 

15 related polypeptide having substantial amino acid 

sequence similarity to this sequence. Such a related 
polypeptide includes isotype variants, alternatively 
spliced forms and species homologs of the amino acid 
sequence shown in Figure 10. As used herein, the term 

20 ^^I-GlcNAc6ST'' generally describes polypeptides having an 
amino acid sequence with greater than about 50% identity, 
preferably greater than about 60% identity, more 
preferably greater than about 70% identity, and can be a 
polypeptide having greater than about 75%, 80%, 85%, 90%, 

25 95%, 97%, or 99% amino acid sequence identity with SEQ ID 
NO: 8, said amino acid identity determined with CLUSTALW 
using the BLOSUM 62 matrix with default parameters, 
provided that such a polypeptide is able to produce the 
MECA-79 antigen when expressed in Lec2 cells under the 

30 appropriate conditions. The previously described murine 
polypeptide, LSST {Hiraoka et al., supra^ 1999) is not an 
I-GlcNAc6ST polypeptide of the invention. 
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The present invention also provides active 
fragments of an I-GlcNAc6ST polypeptide. As used herein, 
The term "active fragment," when used in reference to an 
I^GlcNAc6ST polypeptide,, means a polypeptide fragment 
5 having substantially the amino acid sequence of a portion 
of an I-GlcNAc6ST, provided that the fragment retains the 
6-sulfotransferase activity of the parent polypeptide as 
well as the ability to direct expression of a MECA-79 
antigen when expressed in Lec2 cells. An active fragment 

10 can have, for example^ substantially the amino acid 
sequence of a portion of murine l-GlcNAc6ST (SEQ ID 
NO: 8). Sulfotransferase activity can be assayed, for 
example,, as described in Hiraoka et al . Immunity 
11:79-89 (1999). Activity in directing expression of a 

15 MECA-79 antigen can be assayed as set forth in Example 
IB- 

Furthermore, the term "substantially the amino 
acid sequence, " when used in reference to an I-GlcNAc6ST 

20 polypeptide or an active fragment thereof, is intended to 
mean a sequence as shown in Figure 10, or a similar, 
non-identical sequence that is considered by those 
skilled in the art to be a functionally, equivalent amino 
acid sequence. For example, an amino acid sequence that 

25 has substantially the amino acid sequence of an 

I-GlcNAc6ST polypeptide (SEQ ID NO: 8) can have one or 
more modifications such as amino acid additions, 
deletions or substitutions relative to the amino acid 
sequence of SEQ ID NO: 8,, provided that the modified 

30 polypeptide retains substantially 6-sulfotransferase 

activity as well as the ability to direct expression of a 
MECA-79 antigen in Lec2 cells (see Example V) . 



wo 01/85177 



PCT/USOl/15452 



42 

In addition^ the invention also provides 
substantially purified antibody material that 
specifically binds an isolated polypeptide having an 
amino acid sequence encoding substantially the amino acid 
5 sequence of I-GlcNAcSST or an active fragment thereof - 
Such antibody material, which can be polyclonal or 
monoclonal antibody material^ specifically binds, for 
example, murine I-GlcNAc6ST having the amino acid 
sequence SEQ ID NO: 8. Thus, such antibody material 

10 includes polyclonal and monoclonal antibodies, as well as 
polypeptide fragments of antibodies that retain a 
specific binding activity for an I-GlcNAc6ST polypeptide 
of at least about 1 x 10^ M"^. As set forth above, such 
antibody material includes Fab, F(ab')2 and Fv fragments 

15 as well as chimeric and humanized antibodies and single 
chain Fv fragments (scFv) that specifically bind an 
I-GlcNAc6ST polypeptide of the invention. 

The present invention further provides an 
isolated nucleic acid molecule which contains a nucleic 

20 acid sequence encoding an I-GlcNAc6ST or an active 

fragment thereof. An isolated nucleic acid molecule of 
the invention can encode, for example, an I-GlcNAc6ST 
having substantially the amino acid sequence of murine 
I-GlcNAc6ST (SEQ ID NO: 8) and can be, for example, SEQ 

25 ID NO: 7. The invention further provides vectors and 

related host cells that contain a nucleic acid molecule 
encoding an I-GlcNAc6ST or active fragment thereof- In 
one embodiment, the vector is a mammalian expression 
vector. As set forth above,- a variety of vectors, 

30 including cloning and expression vectors, and host cells 
are well known in the art. 
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The invention also provides an isolated 
antisense nucleic acid molecule which contains a 
nucleotide sequence that specifically binds to SEQ ID 
NO: 7, shown in Figure 10. Such an isolated antisense 
5 nucleic acid molecule can have^ for example, at least 20 
nucleotides complementary to SEQ ID NO: 7 • In one 
embodiment, an isolated antisense nucleic acid molecule 
contains a nucleotide sequence complementary to the 
sequence ATG. An antisense nucleic acid molecule can 
10 have, for example, 20, 22, 25, 30, 35, 40 or more 
nucleotides - 

Also provided herein is an oligonucleotide, 
which contains a nucleotide sequence having at least 10 
contiguous nucleotides of SEQ ID NO: 7, or a nucleotide 
15 sequence complementary thereto. An oligonucleotide of 
the invention can have, for example, at least 15 
contiguous nucleotides of SEQ ID NO: 7, or a nucleotide 
sequence complementary thereto. 

As set forth above, a sense or antisense 
20 nucleic acid molecule or oligonucleotide of the invention 
is a polymer of two or more nucleotides, which are linked 
by a covalent bond such as a phosphodiester bond, a 
thioester bond, or any of various other bonds known in 
the art as useful and effective for linking nucleotides. 
25 Furthermore, a nucleic acid molecule or oligonucleotide 
of the invention can contain one or more nucleic acid 
analogs (see above) . An oligonucleotide of the invention 
contains a nucleotide sequence having, for example, at 
least, 10, 12, 14, 16, 18, 20, 25, 30, 35 or 40 
30 contiguous nucleotides of SEQ ID NO: 7, or a nucleotide 
sequence complementary thereto. 
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The present invention also provides a method of 
modifying an acceptor molecule by contacting the acceptor 
molecule with an isolated I-GlcNAc6ST, or an active 
fragment thereof, under conditions that allow addition of 
5 a sulfate to a GlcNAc acceptor molecule . 

The following examples are intended to 
illustrate but not limit the present invention. 



EXAMPLE X 

CLONING AND CHARACTERIZATION OF THE HUMAN CORE 1 
10 EXTENSION ENZYME, pi , 3-N-ACSTYLGLUCQSAMINYLTRANSFERASE 

( pi.3GnT) 

This example describes the cloning and 
characterization of human and murine 
pi, 3-N-acetylglucosaminyltransf erase ( pi, SGnT) . 

15 A, Cloning and, characterization of h uman 31,3GnT 

Sequences homologous among pi, 3-galactosyl- 
transferases and pi, 3-N--acetylglucosaminyltransferases 
shown in Figure 5 (Zhou et al., Proc, Natl. Acad, Sci., 
PSA 96:406-411 (1999)) were used as probes to search 
20 dbEST using the tblastn program. An EST clone (ABG15630) 
containing a single open reading frame of 372 amino acids 
was obtained. Primers 5 • -CTGGCTGGCCAGGATGAAGTATCTCC-3 ' 
(pi,3GnT-Al; SEQ ID NO: 9) and 

5 ' -CCTGATGCTGACTCAGTAGATCTGTGTC-3 ' ( pi , 3GnT-A2AS; SEQ ID 
25 NO: 10) were designed based on EST AB015630- After 

amplification of single-stranded cDNA prepared from HT29 
cells using the Thermoscript RT-PCR system (Gibco-BRL 
#11146-024; Baithersburg, MD) , a 1.2 kb fragment 
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containing full-length coding sequence was isolated (see 
Figure 2) - The 1.2 Kb fragment containing the 
full-length human pi,3GnT cDNA was subcloned into the 
mammalian expression vector pcDNA3.1 (Invitrogen) and 
5 designated pcDNA3.1/hpi,3GnT-A. 

In order to characterize the human pi,3GnT 
enzyme, a soluble form of the enzyme was prepared by 
amplifying amino acids 44 to 372 with PGR primers 
5 ' -CGGGATCCCGAGGCCCTGGCCTGGCCCACTCC-3 ' ( pi, 3GnT-A-5 • Bam; 

10 SEQ ID NO: 11) and 5 ' -GCTCTAGACTCAGTAGATCTGTGTCTGATTGC-3 ' 
(pi, 3GnT-A-3'AS-Xba; SEQ ID NO: 12) and subsequently 
cloning the amplified fragment into the BamHl and XhaZ 
sites of pcDNA3.1/HSH, a modified vector based on 
pCDNA3- 1 /Hydro (Invitrogen) and containing a signal 

15 peptide followed by a 6 histidine tag. This vector 

(4 ijg) was transfected into Chinese hamster ovary (CHO) 
cells using lipof ectamine PLUS (Gibco-BRL #10964-013) . 
As a negative control, CHO cells were mock transfected 
with a vector lacking the pi,3GnT sequence - 

20 Media from cells expressing the soluble enzyme 

or mock transfected were collected and concentrated 
essentially as described in Yeh et al-, J, Biol, Chem, 
274:3215-3221 (1999). For analysis of 

pi,3-galactosyltransf erase activity, ^H-UDP-galactose was 
25 used as the sugar nucleotide dionoi: and GalNAc-of-pNP and 
GlcNAc-p-pNP were used as oligosaccharide acceptor 
molecules. For detection of pi^3-N~ 
acetylglucosaminyltransf erase (pi, 3GnT) activity, 
^H-UDP-GlcNAc was used as the sugar nucleotide donor with 
30 the following oligosaccharide acceptor molecules: 
Galplr3Glc-p-pNP; core 1 pNP (Gaipi, 3GalNAc-a-pNP) ; 
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core 2 pNP (Gaipi, 3 (GlcNAcpi, 6) GalNAc-a-pNP) ; Gal-a-pNP 
and Gal-p^pNP. 

Supernatant from cells expressing the soluble 
enzyme or mock transfected was assayed for in vitro 
5 enzyme activity- As shown in Figure S, concentrated 

medium from soluble enzyme transfected cells was found to 
have activity in transferring ^H-UDP-GlcNAc to core 1-pNP 
and core 2-pNP. These results indicate that the cloned 
enzyme has activity as a core 1 extension 
10 pi, 3~N-acetylglucosaminyltransf erase . 

B- Production of the MECA-79 antiaen using r ecombinant 
hBl,3GnT (SEP ID NO: 2) 

CHO cells were transfected with CD34 and either 
(a) no enzyme; (b) pcDNAl/hLSST-2 alone; 

15 pcDNA3.1/Zeo/mpi,3GnT alone; or pcDNAl/hLSST-2 and 
pcDNA3.1/Zeo/mpi, 3GnT together using lipof ectamine 
essentially as described above. Mock transfected and 
transfected cells were stained with MECA-79 antibody 
obtained from Pharmingen (San Diego, CA) , and further 

20 incubated with goat anti-rat IgM antibodies essentially 
as described in Hemmerich et al., supra^ 1994. As shown 
in Figure 7, positive staining with MECA-79 antibody was 
only observed in cells co-transf ected with both hLSST-2 
and mpi,3GnT vectors, but not in cells only transfected 

25 with either enzyme alone. No other sulfotransf erases 
examined showed MECA-79 expression when cotrasnf ected 
into CHO cells with mpl,3GnT- These results indicate 
that the human L-selectin sulfotransf erase-2 and the core 
1 extension enzyme pi,3GnT are sufficient to form the 

30 MECA-79 antigen when co-expressed in CHO cells. 
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C- Cloning and charactGrization of murine B1.3GnT 

Several sets of primers based on the human 
core 1 extension pi,3GnT were used for PGR amplification 
of single stranded cDNA prepared from mouse small 
5 intestine using a SMART PGR cDNA synthesis kit according 
to the manufacturer's instructions (Glontech #K1052-1) . 
PGR amplification was performed using the following 
conditions: 94 °C for 2 minutes, followed by 35 cycles of 
94^*0 for 1 minute, 55°C for 1 minute, and 72^*0 for 1 
10 minute. Only one set of primers gave a specific 
amplification product. Primers A7 

(5'-TTCCTGCTGCTGGTGATCAAGTCG-3' ; SEQ ID NO: 13) r which 
corresponds to human pi,3GnT nucleotides 335 to 358) and 
primer A3AS (5 • -CAGGACGTGGTTGAGCGTGAGGTTG-3 ' ; SEQ ID NO: 
15 14), which corresponds to human |31,3GnT nucleotides 560 
to 5B5, gave a product of 251 bp. 

5'- and 3 ' -RACE were performed to isolate 
additional murine (il,3GnT sequence- 5 '-RACE was 
performed using Marathon-Ready mouse testis cDNA 
20 (Clontech) using mA2AS primer 

5'-ATGGAAATCCGACTGGAGAATGTCGCGGT'-3' (SEQ ID NO: 15) and 
the API primer provided by Marathon-Ready cDNA kit. 
3 '-RACE was performed using mAl primer 

5'-GCCTGCAAACTATGGGCGCCGCCAGAT-3 V (SEQ ID NO: 16) and the 
25 SMART primer (Clontech) on mouse small intestine single 
stranded cDNA prepared using Clontech' s SMART PGR cDNA 
synthesis kit as a template. The full-length cDNA was 
amplified based on the RAGE sequence from mouse small 
intestine single-stranded cDNA and subcloned into 
30 pcDNA3.1/2eo and designated pcDNA3-l/Zeo/mpi3,GnT- 
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EXAMPX.E XX 

CLONING OF HUMAN L-SELECTTISI LIGAND SULFO TRANSFERASE 

(LSST-2) 

5 This example describes the isolation of a 

nucleic acid molecule encoding human L-selectin ligand 
sulfotransferase-2 (LSST-2)^ which, together with the 
pi, 3-N-acetylglucosaminyltransf erase, directs expression 
of the MECA-79 antigen. 

10 Like other sulf ©transferases in the same gene 

family (Mazany et al., Biochim. Biophv s. Acta 1407:92-97 
(1998)), the coding sequence for human LSST-2 was 
expected to reside in a single exon. Thus,, human genomic 
DNA was used as the template for PCR-based cloning - 

15 Primers corresponding to nucleotides 8 91 to 910 and 

nucleotides 1327-1302 of mouse LSST~1 (Hiraoka et al., 
supra t 1999) were used to amplify human genomic DNA as 
follows. Samples were denatured for 3 minutes at 94 °C,. 
followed by 40 cycles of 1 minute at 94''C, 30 seconds at 

20 61*^0;. and 45 seconds at 72°C. The amplified products were 
cloned into pBluescript by TA cloning. The resultant 
coding sequence was 79.2% identical to mouse LSST-1 at 
the nucleotide level. 

To clone the full-length LSST-2 coding 
25 sequence, a PI phage library of human genomic DNA (Genome 
System Inc.; St. Louis, MO) was PCR-amplif ied using 
primers 5 ' -CCGAATTCTCCCGAGAACGCACAAAG-3 ' (SEQ ID NO: 17) 
and 5'-CCCAAGCTTCTCATAGCGCACAAGCAG-3' (SEQ ID NO: 18). 
The PGR was carried out for 30 cycles using a 67**C 
30 annealing temperature- From the single positive clone,, 
DNA was purified and sequenced directly. The coding 
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sequence present on the single axon was confirmed by 
reverse transcriptase (RT)-PCR using poly(A)"*" RNA isolated 
from human lymph node^ as described previously (Hiraoka 
et al., supra^ 1999). Three pairs of primers used in 
5 these PGR reactions correspond to 

5'-TTGGCCAGAAGGGGAATAG-3' (SEQ ID NO: 19) and 
5 ' -CCACTGAAAGAGGCTGGACTGT-3 ' { SEQ ID NO : 20); 
5 '-GGTTCTGTCTTCCTGGCGCTC-3' (SEQ ID NO: 21) and 
5 ' -TTTGGCAGATGACCTGCATCAC-3 ' (SEQ ID NO: 22); and 

10 5 ' -AGAACGCACAAAGGAGATCTCA-3' (SEQ ID NO: 23) and 

5 ' -AGATGTAGGCAAGGCTCAGAAG-3 • (SEQ ID NO: 24). PGR with 
the first two pairs of primers was performed by 
denaturation for 3 minutes at 94**C^ followed by 35 cycles 
of 1 minute at 94**G, 30 seconds at 56°G^ and 1 minute at 

15 72*^0. For the PGR with the third pair of primers, the 
annealing temperature was changed to 55 °C. With the 
first pair of primers (SEQ ID NOS : 19 and 20), the 
expected characteristic fragment of 470 bp was obtained. 
With the second pair of primers (SEQ ID NOS: 21 and 22), 

20 the expected characteristic fragment of 617 bp was 

obtained. With the third pair of primers (SEQ ID NOS: 23 
and 24) , the expected characteristic fragment of 600 bp 
was obtained. 

The cDNA containing full-length coding sequence 
25 of human LSST-2 was excised by Xbal and Tjfil, blunt-ended 
and cloned into pcDNAl.l (Invitrogen) . The resulting 
LSST-2 expression vector, in which the LSST-2 coding 
sequence is expressed under control of the CMV promoter, 
was designated pcDNAl - 1/LSST--2 . 
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kxampi;e iix 

FUNCTIONAL ANALYSIS OF HUMAN Bl,3GnT 

This example describes the function of hpi,3GnT 
when stably expressed in CHO cells with hLSST-2- 

5 The following CHO cell lines were generated by 

stable transfection: CHO/CD34/FT7/hLSST~2; 

CHO/CD34/FT7/hLSST-2/C2GnT-L; CHO/CD34/FT7/hLSST-2/core 1 
extension pi,3GnT; and CHO/CD34/FT7/hLSST-2/C2GnT-L/core 
1 extension pl,3GnT. 

10 The stable cell lines were established by 

standard procedures- Cells were selected with a 
combination of neomycin, hygromycin and zeocin. 
The expression of each gene. was confirmed by 
immunostaining with specific antibodies against the 

15 relevant cell surface antigens . 

Expression of human CD34 was confirmed by the 
positive staining of cells with anti-human CD34 antibody. 
CHO/CD34/FT7/hLSST-2 was first established. The 
expression of human fucosyltransf erase 7 (FT7) was 

20 confiinmed by the positive staining of cells with 

anti-sialyl Lewis x (product of FT7) antibody 2H5 as 
described in Kimura et al., Proc, Natl. Acad. Sci . , USA 
96:4530-4535 (1997). Expression of hLSST-2 was confirmed 
by transient transfection of pi,3GnT-A (core 1 

25 extension pi, 3GnT) and cells were stained with MECA-79 as 
described above. For the confirmation of C2GnT 
expression in the CHO/CD34/FT7/hLSST/C2GnT-L cell line, 
the NCC-ST-439 antibody against sialyl Lewis x core 2 
structure was used essentially as described in Kumamoto 
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et al., BiQchim, BioDhvs, Res, Comm. 247:514-517 (1998). 
For the confirmation of core 1 extension pi,3GnT 
expression in the CHO/CD34/FT7/hLSST/core 1 
extension |il,3GnT cell line, MECA-79 antibody staining 
5 was performed as described above. 

Cells were grown as a monolayer on tissue 
culture flasks, and mouse lymphocytes were allowed to 
flow over the monolayer under different shear forces 
essentially as described in Fuhlbrigge et al., J. Cell 

10 Biol. 135:837-48 (1996). The number of lymphocytes which 
rolled on the cell monolayer were monitored by video 
camera and counted. As shown in Figure 8, CHO cells 
expressing either the core 2 extension enzyme, C2GnT~L 
(open square) or the human core 1 extension enzyme, 

15 pi,3GnT (filled square) rolled more than cells only 
expressing fucosyltransf erase VII {FT7; open circle) . 
Furtheinnore, rolling was significantly enhanced when 
lymphocytes rolled on cells expressing both the core 2 
extension enzyme, C2GnT-L, and human pi,3GnT (filled 

20 circle) . These results indicate that both core 1 and 

core 2 extended sulfo sialyl Lewis X determinants play a 
role in lymphocyte homing. 

EXAMPLE IV 

DEFINITION OF THE MINZMDM EPITOPE OF THE MECA-79 ANTIGEN 

25 This example describes the use of ELISA 

analysis to define the minimum epitope of the MECA-7 9 
antigen. 
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A. ELISA Assays with anti-MECA-79 Antibody 

The stable CHO transf ectants described in 
Example III* were grown on 10 cm plates and transiently 
transf ected with soluble form of himan CD34 (pcDNA3- 1/HSH 
5 vector) using Lipof ectAmine PLUS (GibcoBRL) . One day 
after transf ection, the culture media was replaced with 
10 ml of OptiMEM reduced-serum medium. After culturing 
for an additional two days, the culture media was 
collected- Cell debris was removed by centrif ugation, 
10 and the media was concentrated 10-fold by Centriprep 10 
concentrators . 

The concentrated media was diluted 100-fold in 
Tris-buffered saline (TBS; 50 mM Tris^ 150 mM NaCl, 
pH 7-5), The wells of 96-well polystyrene microtiter 

15 plates (Nunc, F96 Maxisorp Cat. # 442404) were coated 
overnight with 10 0 pi of diluted media at 4°C- The 
plates were washed three times with TBS and were blocked 
with 250 pi of 5% BSA (in TBS) at room temperature for at 
least two hours (or 4**C overnight) . The wells were 

20 washed three times with washing buffer (TBS containing 
0-1% Tween 20). Two-fold serially diluted MECA-79 
antibody at a concentration of 1:200 to 1:12,800 
(Pharmingen) was prepared in dilution buffer (5% BSA in 
washing buffer) , Fifty pi of diluted antibodies were 

25 added to each well and incubated at room temperature for 
one hour- After washing three times with washing buffer, 
50 ml of anti-rat IgM-alkaline phosphatase conjugate 
(1:500 in dilution buffer) was added to each well and 
allowed to incubate at room temperature for one hour. 

30 Following washing three times with washing buffer, the 
wells were washed twice with deionized water. Alkaline 
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phosphatase substrate p-nitro-phenylphosphate (1 mg/ml) 
was freshly prepared in bicarbonate buffer (0-1 M NaHCOS, 
pH 9-6) containing 0.5 mM MgClg- Fifty microliter of this 
substrate solution was added to each well and allowed to 
5 incubate at 37**C, The optical density at 405 nm of each 
well was recorded using Spectra MAX Plus microtiter plate 
reader (Molecular Device Corp.)- Positive readings were 
observed from the media of CHO cells harboring both 
hLSST-2 and core 1 extension pi,3GnT and 
10 CH0/CD34/FT7/hLSST-2/core 1 extension pi, 3GnT/core2GnT) . 

■B. Inhibition of MECA-79 Antibody Binding Jbv Synthetic 
Ollaosa ccha rl des 

Synthetic oligosaccharides were mixed at the 
indicated concentrations with MECA-7 9 antibody (at a 
15 final dilution of 1:10,000). The mixtures were incubated 
at room temperature for one hour before addition to wells 
precoated with transfected media from 
CH0/CD34/FT7/LSST/core 1 extension pi,3GnT cells as 
above. Antibody binding was assayed as described above - 

20 The results shown in Figure 9 indicate that 

only the 6-S-extended core 1 structure (Gaipi-^4 {SO3-6) 
GlcNAcpl-*3Gaipi-*3GalNAc) was active in inhibiting binding 
of anti-MECA-79 antibody. Thus, these results define the 
minimum epitope of MECA-79 as Gal pi-> 4 (803-^6) 

25 GlcNAcpi-3Gaipi-3GalNAc. 

To further confiirm and refine the requirements 
for the MECA-79 reactivity, oligosaccharides derived from 
the extended core 1 glycan were chemically synthesized 
and examined for their ability to inhibit MECA^79 
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antibody binding to MECA-7 9-reactive CD34 chimeric 
proteins. MECA-79 antibody binding was efficiently 
inhibited by a 6-sulfo extended core 1 oligosaccharide^ 
Galp-4 (sulfo-6)GlcNAcpi-3Galpl-3GalNAcal-*octyl, and its 
5 sialylated or sialylated, fucosylated forms, 

NeuNAca2-3Gaipi-4 [Fucal-3 (sulfo-6) ] GlcNAcpi-3Gaipi-3GalNA 
cal-*octyl (see Figure 9) . The 6-sulf o group was 
absolutely required, since non-sulf ated, extended core 1 
oligosaccharide did not inhibit MECA-79 antibody binding 

10 (Figure 9) . In addition, the terminal galactose residue 
in the i\r-acetyllactosaminyl core 1 was part of the 
epitope, since the agalacto form required more than a 10 . 
fold increase concentration to achieve equivalent 
inhibition (Figure 9) - An absolute requirement for core 

15 1 structure was also demonstrated, since sulfated 

N-acetyllactosamine lacking a core 1 structure did not 
show detectable inhibition. These results are consistent 
with previous studies showing that sialic acid and fucose 
are not integral parts of the MECA-7 9 epitope (Hemmerich 

20 et al., supra^ 1994; Maly et al., supra, 1996). The 

results also are consistent with previous findings that 
the MECA-79 antibody can inhibit lymphocyte homing 
without prior removal of sialic acid or fucose (Streeter 
et al-, supra, 1988; Clark et al*, J, Biol. Chem. 

25 140:721-731 (1998)). 

These results demonstrate that the minimum 
epitope of MECA-79 is the sulfated, extended corel 
structure Gaipi-4 (sulf o-6) GlcNAcpi-3Gaipi-3GalNAcal-R, 
and that sialylated and sialylated, fucosylated forms of 
30 this structure (6-sulfo sLe* in extended core 1 forms) 
retain MECA-79 reactivity • 
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EXAMPr.E V 

MURINE INTESTINAL GlcNAc 6-SULFQTRANSFERASE 



This example describes the cloning and 
characterization of the murine intestinal GlcNAc 
5 6-sulf ©transferase. 



The coding sequence of mouse LSST-1 (Hiraoka et 
al,. Immunity 11:79-89 (1999)) was used as probe to 
search dbEST using tblstx program. One unknown query 
gene (AI115260) was found to have 53-8% identity with the 

10 coding regions of mouse LSST-1. AI115260 is a sequence 
isolated from mouse embryo cDNA. Sequence analysis of 
this cDNA, obtained from Genome Systems (St. Louis ^ MS), 
revealed that this cDNA encodes a protein of 396 amino 
acids, designated intestinal GlcNAc 6-sulfotransf erase . . 

15 The cDNA insert was digested with EcoRI and Xbal and 
cloned into the corresponding sites of pcDNAS.l 
(Invitrogen) to produce the expression vector 
pcDNA3-I-GlcNAc6ST . 

Lec2 cells, which are defective in Golgi 
20 sialylation due to a CMP-sialic acid transporter defect, 
were doubly transfected with pcDNA3-I-GlcNAc6ST and 
pcDNA3 . 1/hpi, 3GnT"A. Because of the absence of sialic 
acid in Lec2 cells, core 1 extension occurs with the 
competition of sialylation and, therefore, more core 1 
25 extended structure is formed by the core 1 extension 
enzyme pi,3GnT. Under these conditions, the MECA-79 
antigen was produced in the doubly transfected Lec2 
cells. Similar production of MECA-79 antigen was 
observed when Lec2 cells were doubly transfected with 
30 mLSST-1 and hpl,3GnT (SEQ ID NO: 2). These results 
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indicate that, under certain conditions, mLSST-l or 
I-GLCNAC6ST can form the MECA-79 antigen. 

All journal article, reference, and patent 
citations provided above, in parentheses or otherwise, 
5 whether previously stated or not, are incorporated herein 
by reference. 

Although the invention has been described with 
reference to the examples above, it should be understood 
that various modifications can be made without departing 
10 from the spirit of the invention. Accordingly, the 
invention is limited only by the following claims- 
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We claim: 

1. A method of treating or preventing an 
L-selectin-mediated condition in a subject, comprising 
reducing the expression or activity of a pi^3GnT that 

5 directs expression of a MECA-79 antigen. 

2. The method of claim 1, comprising 
administering to said subject an oligosaccharide 
L-selectin antagonist that inhibits the binding of 
L-selectin to a MECA-79 antigen. 

10 3. The method of claim 2, wherein said 

L-selectin antagonist comprises the oligosaccharide 
Gaipi-4 (SO3-6) GlcNAcpl--3Gaipi-*3GalNAc. 

4. The method of claim 3, wherein said 
L-selectin antagonist comprises 
15 NeuNAca2-3Gaipi-4 [sulf 0-6 (Fucal-3) GlcNAc] pl-3Gaipi-3GalNA 
cal. 

5- The method of claim 3, wherein said 
L-selectin antagonist comprises two or more of the 
oligosaccharide Gaipi-4 (SO3-6) GlcNAcpi-3Gaipi-3GalNAc. 

20 6. The method of claim 4, wherein said 

L-selectin antagonist comprises two or more of the 
oligosaccharide 

NeuNAca2-3Gaipi-4 [sulf 0-6 (Fucal-3) GlcNAc] pi-3Gaipi-3GalNA 
cal. 
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7. The method of claiin 1, comprising 
administering to said subject inhibitory antibody 
material that specifically binds pi,3GnT. 

8. The method of claim 1^ comprising 

5 administering to said subject a pi,3GnT antisense nucleic 
acid molecule - 

9. The method of claim 8, wherein said 
antisense nucleic acid molecule has at least 20 
nucleotides complementary to SEQ ID NO: 1. 

10 10. The method of claim 9, wherein said 

antisense nucleic acid molecule has at least 20 
nucleotides complementary to SEQ ID NO: 3. 

11- The method of claim 1, further comprising 
reducing the expression or activity of L-selectin 
15 sulf otransf erase-2 (LSST-2) in said subject. 

12. An isolated L-selectin antagonist, 
comprising an extended core 1 structure comprising the 
oligosaccharide Gal31-*4 (SOj-^G) GlcNAcpl->3Gaipi--3GalNAc. 

13- The isolated L-selectin antagonist of 
20 claim 12, comprising the oligosaccharide 

NeuNAca2-3Gaipi-4 [sulfo-6 (Fucal-3) GlcNAc] pl-3Gaipi-3GalNA 
cocl. 

14- The isolated L-selectin antagonist of 
claim 12, comprising two or more of the oligosaccharides 

25 Gaipi-^4 (S03-6)GlcNAcpi-3Galpl-3GalNAc. 
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15. The isolated L-selectin antagonist of 
claim 13, comprising two or more of the oligosaccharides 
NeuNAca2-3Gaipi-4 [sulfo--6 (Fucal--3) GlcNAc] pl-3Gaipi-*3GalNA 
cal. 

5 16- An isolated nucleic acid molecule, 

comprising a nucleic acid sequence encoding a L-selectin 
ligand sulfotransf erase (LSST-2) or active fragment 
thereof, wherein said LSST-2 or active fragment thereof 
directs expression of a MECA-79 antigen in Chinese 
10 hamster ovary (CHO) cells . 

17 - The isolated nucleic acid molecule of 
claim 16, wherein said LSST-2 has substantially the amino 
acid sequence of SEQ ID NO: 6. 

18. The isolated nucleic acid molecule of 

15 claim 17, comprising a nucleic acid sequence encoding SEQ 
ID NO: 6. 

19. The isolated nucleic acid molecule of 
claim 18, comprising SEQ ID NO: 5. 

20. An isolated polypeptide, comprising an 

20 amino acid sequence encoding a LSST-2 or active fragment 
thereof, wherein said LSST-2 or active fragment thereof 
directs expression of a MECA-79 antigen in CHO cells. 

21. The isolated polypeptide of claim 20, 
wherein said LSST-2 has substantially the amino acid 

25 sequence of SEQ ID NO: 6. 
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22. The isolated polypeptide of claim 21^ 
wherein said LSST-2 has the amino acid sequence SEQ ID 
NO: 6. 



23. An isolated nucleic acid molecule, 
5 comprising a nucleic acid sequence encoding substantially 
the amino acid sequence of intestinal GlcNAc 
6-sulfotransf erase (I-GlcNAc6ST) or an active fragment 
thereof . 



24. The isolated nucleic acid molecule of 
10 claim 23, wherein said I-GlcNAc6ST has substantially the 
amino acid sequence of SEQ ID NO: 8. 



25. The isolated nucleic acid molecule of 
claim 24, comprising a nucleic acid sequence encoding SEQ 
ID NO: 8. 

15 26- The isolated nucleic acid molecule of 

claim 25, comprising SEQ ID NO: 7. 

27- An isolated polypeptide, comprising an 
amino acid sequence encoding substantially the amino acid 
sequence of intestinal GlcNAc 6-sulfotransf erase 
20 (I-GlcNAc6ST) or an active fragment thereof. 

28. The isolated polypeptide of claim 27, 
wherein said I-GlcNAc6ST has substantially the amino acid 
sequence of SEQ ID NO: 8. 



29. The isolated polypeptide of claim 28, 
25 wherein said I-GlcNAc6ST has the amino acid sequence SEQ 
ID NO: 8. 
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CTGGCTGGCCAGGATGAAGTATCrrCCGGCACCGGCGGCCCAATGCCACCCTCy^TTCT^ 6 0 

MKYLRHRRPKATIiILA 16 

CATCGGCGCrTTCyu:CCrrCCTCCTCTTCAGTCTGCTAGTGTCACCACCC^ 12 0 

IGAFTLLLFSLLVSPPTCKV 36 

CCAGGAGCAGCCACCGGCGATCCCCGAGGCCCTGGCCTGGCCCACTCCACCCACCCGC^ 180 

QEQPPAIPEAL AWPTPPTRP 56 

AGCCCOSGCCCCGTCCCATOCCAACACCTCrATGGTCACCCACCCGGACr^^ 240 

APAPCHANTSMVTHPD FATQ ,76 

GCCGCAGCACGTTCAGAACTTCCrrCCrrGTACAGACACTGCCGCCACIT^ 300 

PQHVQNFIiLYRHCRHFPLLQ 96 

GGACGTGCXrCCCCTCTAAGTGCGCGCAGCCGGTCTTCC^ 360 

DVPPSKCAQPVFIiLIiVIKSS 1X6 

CCCTAGCAACTATGTGCGCCGCGAGCTGCTGCGGCGCACGTGGGGCCGCGAGCGCAAGGT 420 

PSNYVRRELLRRTWGRERKV 136 

ACGGGGTTTGCAGCTGCGCCTCXrTCTTCCTGGTGGGCACy^ 480 

RGI.QLRLI.FI.VGTASNPHE A 156 

CCGCAAGGTCAACCGGCTGCTGGAGCrGGAGGCACAGACTCyiCGGAGACATCCTtSC 540 

RKVNRLLEIiEAQTHGDJLQW 156 

GGACTTCCACGACTCCTTCTTCaUVCCrra^CGCTCAAGC AGGTCCTGTTC 600 

DFHDS FFNI.TLKQVLPr.QWQ 176 

GGAGACAAGGTGCGCCAACGCCAGCTTCGTGCTCAACGGGGAT^ 660 

ETRCANAS FVLNGDDDVF AH 196 

CavCAGACAACATGGTCrTCTACCTGaWSGACCAT^ 720 

TDHMVPYLQDHOPGRHIiFVG 2X6 

GOVACTGATCCUUUIACGTGGGCCCCATCCXKKSCTTTTT^^ 780 

QLIQNVGPIRAFWSKYYVPE 236 

GGTGGTGACrCTUSAATGAGCGGTACCCACCCrrATTGTGGGGGTGGTC 840 

VVTQNERYPPYCGGGGFLLS 256 

CCGCTTCACGGCCXXrrG<X:CTGCX3CCGTGCTGCCCaVTGT . 900 

RFTAAALRRAAHVIjD IFPID 276 

TGATGTCri^CCTGGGTATGTGTCTGGAGCTTGA 960 

DVFLGMCLELEGLKPASHSG 296 

CATCCGCACGTCrrGGCGTGCGGGCTCCATCG 1020 

IRTSGVRAPSQHLSS FDPCF 316 

CTACOSAGACCrecnXKrrGGTGCACCGCTTCCT 1080 

YRDLLLVHRPLPYEMLLMWD 336 



FIG. 2 
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TGCGCTGAACCAGCCCyVACCTCACCTGCGGCAATCAGACACAGATCTAC^^ X140 

ALNQPNLTCGNQTQXY* 352 

CAGGCATCCGCACGTCTGGCGTGCGGGCTCCMrCGCAACACCTGTCCTCCTT 1200 

GCTTCTAC 1210 



FIG. 2 CONT. 
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AGGCTCCGCCCCCACGCCATGCGGCTGCCaU^GGCAGAGCCCCTACGAGATCCTC 60 

MRIiPRQSPYEXIiLL 14 

GTCTTGGTCGCCTTGCTGGTGCTGCTGCTGCTCCrGACCAGCAAGTCACCGCCC^ X 2 O 

VLVAIjIjVLLLLLTSKSPPSC 34 

TCaXrCCCTGAGAGGTCCAAGGAGCCTGAAGACAACCCCGGGTGG^ 180 

SAPERSKEPEDNPGWATGHP '54 

GCCCGGTGCCGAGCTAATCTATCCGTGTCCTCGCACCCCGACTTCGCGGGGCTGCCCTTG 240 

A RCRANLSVSS HPDFAGLPI* 74 

CACGTGCGCGACTTCTTGTTCTACCGCCACIXKrCGCXSACr^^ 300 

HVRDFI.FYRHCRDFPVLREP 94 

CGGGTTACCAAGTGCGCGGAGCCCGTGTTCCTGCTGCrCGCOVTCAAGTCCT 360 

RVTKCAEPVFLIiLAlKSSPA 114 

AACTATGGGCXKrCXSCCAGATGCTGaXyiCGACGT^ 420 

NYGRRQMLRTTWARBRRVRG 134 

GCXSCCa^CTGCGCCGCCTCTTCCTTGTGGGCTCAGACCGCGACCCACAACAAGCACX^ 480 

APLRRIjFI.VGS DR DPQQARK 154 

TACAACCGACTGCTGGAGCnK3GAAGCGCAGAAATACGGCG7^ 54 0 

YNRLliELEAQRYGDIIiQWDF 174 

CATGACTCCTTCTTTAACCTGACGCTTAAGCAGGTCCTTTTCCTGGAGTC^ 600 

HDS FFNIiTLKQVLFLEWQIiT 194 

TACTGTACCAACGCCAGCTTCGTGCTCAATGGGGACGACGATGTGTTCGCACAC^ 660 

YCTNAS FVLNG DDDVFAHTD 214 

AACATGGTCACCTACCTGCAGGACCACXSACCMGACC^ 720 

NMVTYLQ0HDPDQHLFVGHL 234 

ATCCAGAACGTGGGTCCCATCCXSGGTGCCCTGGAGCAAGTACTTCATCCCCGCTC^ 780 

IQNVGPIRVPWSKYFIPALV 254 

ATGGCGGAGGACAGATACCCGCCCTACTGTGGTGGCXXXXSGCrTC 840 

MAEDRYPPYCGGGGFLIiSRF 274 

ACCGTGGCCGCCCTAaSTCXSCGCCGCXSCGCGTCCTCCCCATGTTCa^AATC 900 

TVAALRRAA RVIiP MF P I DDV 294 

TTCCTGGGCATGTGTCTGCAGCMCAGGGTCTGGCTCCCGGGACGCACM 960 

FLGMCI-QQQGLAPGTHSGVR 314 

ACTGCGGGGGTTTTCCCCCCTAGCCCACGTGTGTCATCCTTCX^ACCCCrrG^ 1020 

TAGVFPPSPRV SSFDPCFYR 334 

GACCnSCTCCrrCGTGCACCXSCTTCCTGCCCTTCGAGATGCT^ 1080 

DLLLVHRFLPFEMLLMWDAL 354 



FIG. 3 

SUBSTITUTE SHEET (RULE 26) 



wo 01/85177 



5/14 



PCTAJSOl/15452 



AACCAGCCCCAGCTCCTCTGCGGCyVGGCAGAGCCCCGCCTACTGACSW^GGTTTGGG 1140 

NQPQLIiCGRQS PAY* 368 

TGACATCCCCTAGCTCATGTCCTGCCTCATCCACGTGCAAAGGGCTGGCTTCAAGGAGAA 1200 

GTTCAAAGTCAGGGGCAGAAAGGTGGGTCTGAGGAGTTCaVTAGGGCAAACTCCT 1260 

GCTTGGAAACCCTCITGGTACroTTCACaWSCM 1320 

GGCTCTAAGTGGCCGCT 1337 

FIG. 3 com. 
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1 TTGGCCAGAAGGGGAATAGAAGGCAAACAATAAAACAGCAGCCCAACTCCACCCTTTCTG 60 



6 1 TTTGTTCCTTAAAGGTCTTCCACTTCAGCACAATGCTACTGCCT AAAAAAATGAAGCTCC 120 

M K L L 



121 TGCTGTTTCTGGTTTCCCAGATGGCCATCTTGGCTCTATTCTTCCACATGTACAGCCACA 180 
LFLVSQMAILALFFHMYSHN 



181 ACATCAGCTCCCTGTCTATGAAGGCACAGCCCGAGCGCATGCACGTGCTGGTTCTGTCTT 240 
ISSLSMKAQPERM HVLVLSS 



241 CCTGGCGCTCTGGCTCTTCTTTTGTGGGGCAGCTTTTTGGGCAGCACCCAGATGTTTTCT 300 
WRSGSSFVGQLFGQHPDVFY 



301 ACCTGATGGAGCCCGCCTGGCACGTGTGGATGACCTTCAAGCAGAGCACCGCCTGGATGC 360 
LME PAWH VWMT FKQ S TAWML 



361 TGCACATGGCTGTGCGGGATCTGATACGGGCCGTCTTCTTGTGCGACATGAGCGTCTTTG 4 20 
HM AVRDLI RAVFLCDMSVFD 



421 ATGCCTACATGGAACCTGGTCCCCGGAGACAGTCCAGCCTCTTTCAGTGGGAGAACAGCC 480 
AYMEPG PRRQSSLFQWENSR 



4 81 GGGCCCTGTGTTCTGCACCTGCCTGTGACATCATCCCACAAGATGAAATCATCCCCCGGG 540 
ALCSAPACDIIPQ DEIIPRA 



541 CTCACTGCAGGCTCCTGTGCAGTCAACAGCCCTTTGAGGTGGTGGAGAAGGCCTGCCGCT 600 
HCRLLCSQQPFEVVEKACRS 



601 CCTACAGCCACGTGGTGCTCAAGGAGGTGCGCTTCTTCAACCTGCAGTCCCTCTACCCGC 660 
YSHVVLKEVRFFNLQSLYPL 



661 TGCTGAAAGACCCCTCCCTCAACCTGCATATCGTGCACCTGGTCCGGGACCCCCGGGCCG 720 
LKDPSLNLHIVHLVRDPRAV 



721 TGTTCCGTTCCCGAGAACGCACAAAGGGAGATCTCATGATTGACAGTCGCATTGTGATGG 780 
FRSRE. RTKGDLMIDSRIVMG 



781 GGCAGCATGAGCAAAAACTCAAG AAGGAGGACC/UVCCCTACTATGTGATGCAGGTCATCT 840 
QHEQKLKKEDQPYYVMQVrC 



841 GCCAAAGCCAGCTGGAGATCT ACAAGACCATCCAGTCCTTGCCCAAGGCCCTGCAGGAAC 900 
QSQLEIYKTIQSLPKALQER 
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901 GCTACCTGCTTGTGCGCTATGAGGACCTGGCTCGAGCCCCTGTGGCCCAGACTTCCCGAA 960 
YLLVRYEDLARAPVAQTSRM 



961 TGTATGAATTCGTGGGATTGGAATTCTTGCCCCATCTTCAGACCTGGGTGCATAACATCA 1020 
YEFVGLEFLPHLQTWVHNIT 



102 1 CCCGAGGCAAGGGCATGGGTGACCACGCTTTCCACACAAATGCCAGGGATGCCCTTAATG 1080 
RGKGMGDHAFHTNARDALNV 



1081 TCTCCCAGGCTTGGCGCTGGTCTTTGCCCTATGAAAAGGTTTCTCGACTTCAGAAAGCCT 1140 
SQAWRWSIiPYEKVSRLQKAC 



1141 GTGGCGATGCCATGAATTTGCTGGGCTACCGCCACGTCAGATCTGAACAAGAACAGAGAA 1200 
GDAMNLLGYRHVRSEQEQRN 



1201 ACCTGTTGCTGGATCTTCTGTCTACCTGGACTGTCCCTGAGCAAATCCACTAAGA66GTT 1260 
LLLDLLSTWTVPEQIH* 



1261 GAGAAGGCTTTGCTGCCACCTGGTGTCAGCCTCAGTCACTTTCTCTGAATGCTTCTGAGC 1 320 



1321 CTTGCCTACATCT 1333 
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TGAGCGGCTCTTTGTGTGCGCCCTGGGTGCGCAGCGCAGAAGCGCAGCGGGCAGCGCAGG 60 

CCCTAGCCAGAGGTATGCGGCTACCCCGTTTCTCCAGCACTGTCATGCTTTCGCTCCTGA 120 
MRLPRFS ST,VMLS LLM 

TGGTACAGACTGGC ATCCTGGTCTTCCTGGTCTCCCGGCAAGTGCCATCGTCCCCAGCAG 180 
VQTGI I.VFLV S RQV PSS PAG 

GCCTTGGGGAGCGTGTGCACGTGCTGGTACTGTCCTCGTGGCGCTCGGGCTCGTCCTTCG 240 
LGERVHVLVLSSWRSGSSFV 

TGGGCCAGCTCTTCAGCCAACACCCCGATGTCTTCTACCTGATGGAGCCGGCTTGGCACG 300 
GQLFSQHPDVFYIiMEPAWHV 

TCTGGGATACGTTGTCGCAGGGCAGTGCCCCCGCACTCCACATGGCCGTGCGTGACCTGA 3 60 
WDTLSQGSAPALHMAV RDLI 

TCCGCTCAGTGTTCCTATGCGACATGGACGTATTTGATGCCTACCTGCCCTGGCGCCGCA 420 
RSVFLCDM DVFDAYLPWRRN 

ACATCTCGGATCTCTTCCAGTGGGCGGTGAGCCGCGCATTGTGCTCACCTCCGGTCTGCG 4.80 
I S DL F QWAVS RALC S P P VCE 

AAGCCTTCGCTCGTGGCAACATCAGC AGCGAGGAGGTGTGTAAGCCTCTGTGCGCAACGC 540 
AFARGNI SSEEVCKPL CATR 

GGCCCTTCGGCCTGGCTCAGGAAGCCTGCAGCTCCTATAGTCACGTCGTGCTCAAGGAGG 600 
PPGLAQEACSSYSHVVLKEV 

TGCGCTTCTTTAACCTACAGGTGCTCTACCCGCTGCTCAGCGACCCTGCGCTCAACCTGC 660 
RFFNLQVLYPLLSDPALNLR 

GCATCGTGCACCTAGTGCGCGACCCGCGGGCCGTGCTGCGCTCCCGAGAGCAGACAGCCA 720 
IVHLVRDPRAVLRSREQTAK 

AGGCGCTGGCACGGGACAATGGCATCGTCCTGGGTACCAACGGCACGTGGGTGGAGGCGG 780 
ALARD NGIVLGTNGTWVEAD 

ACCCCCGGCTGCGCGTGGTCAACGAGGTATGCCGCAGCCATGTGCGCATCGCAGAGGCAG 840 
PRLRVVNEVCRSHVRIAE AA 

CCTTGCACAAGCCGCCGCCCTTCTTGCAAGATCGCTACCGCCTGGTGCGCTACGAGGATC 900 
LHKPPPFLQDR YRLVRYEDL 

TGGCCCGGGACCCACTCACCGTAATCCGTGAACTCTATGCCTTCACCGGCCTGGGTCTCA 960 
ARDP LTVIRELYAFTGLGL. T 
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CGCCGCAGCTCCAGACTTGGATCCAGAATATCACGCATGGTTCAGGGCCAGGCGCGCGCC 1020 
PQLQTWIHNITHGSGPGARR 

GTGAAGCCTTCAAGACCACATCCAGGGATGCGCTCAGTGTATCCCAGGCCTGGCGCCACA 1080 
EAFKTT SRDALSVSQAWRHT 

CGCTGCCCTTTGCCAAGATTCGCCGGGTCCAGGAACTGTGCGGGGGTGCACTGCAGCTGC 1140 
LPFAKIRRVQELCGGALQLL 

TGGGTTACCGGTCTGTGCATTCGGAGCTTGAGCAAAGGGACCTCTCTCTGGACCTCCTGC 1200 
GYRSVHSELEQRDLSLDLLL 

TGCCAAGAGGCATGGACAGTTTCAAGTGGGCATCGTCCACGGAGAT^CAACCGGAATCTT 1260 
PRGMDSFKWASS TEKQPES* 

AGAATTTTAGTGGAGAGACCCAGCTATAACATTAGGGTCTATTGGAGTATGATAAAGAAG 1320 

GGGCTTGGAGAACCCAAAAGCAAGTAGCTGGGAGTGTGAGTGATCTTGTCCTGTACTAGG 1380 

AAAGGATGGAGTCCAAATCCCACATCTCTTTCTGTCCAGATTGTAGTTTTCGGTTTTGGT 1440 

CTTTTAGGGTTTGGATTCCCACCAAGTACTATCGAATGGAAAGCAAAAGCTGTGCCCACT 1500 

TCCTTCAGAGAGGCAGCCAGCCTCCTACTAAAGCACTTCCTTTCTCGTTGACTCTCTCCC 1560 

CTCTTTGATCATACCATGCAATCGCAGAGAATGGGGTCCCAGGCCTGCTCTGGAGTGCGG 1620 

GAAAGGCGCGGCTGTGGGCTGGCTCCTAAAATCTGTGCACCTGCCTCTCGTTGGCTCACC 1680 

CAGACCTCTGCTCACTGCCACGCCCTAGTATCTCAGTCCATCATAGACTTGGACAGTTAT 1740 

GGGCCTGGTCAAGGAGGAAAATGAGACGATGCTTCCCTCTGTGATTCTCTGCCTGACCTT 1800 

CTAGAAGGGAATCCAGGCACACACACAACCATACCTGAGGAGGATGGCTTTTTAATGAAT 1860 

CTTTGATTTGTCCTGAGATGAAAGATCCTAATTTATGGAAATAAACATAAATATGCTGCG 1920 

TGATCCAAAAAAA7VAAA 1937 
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SEQUENCE LISTING 

<110> The Bimiliam Institute 
Pukuda , Minoru 
Yeh, aiunn-Chem 
Hiraoka, Nobuyoshi 

<120> Identification of the Meca-79 Antigen 

and Related Methods of Treating L- Select in-Mediated 
Conditions 

<130> FP-LJ 4631 

<140> PCT/USOl/15452 
<141> 2001-05--10 

<150> US 09/569^320 
<151> 2000-05-11 

<160> 29 

<170> FastSBQ for Windows Version 4.0 

<210> 1 

<211> 1208 

<212> DNA 

<213> Homo Sapien 

<220> 
<221> CDS 

<222> (14) . . . (1129) 
<400> 1 

ctggctggcc agg atg aag tat etc egg cac egg egg ece aat gee acc 49 
Met Lys Tyr Leu Arg His Arg Arg Pro Asn Ala Thr 
15 10 

etc att ctg gcc ate ggc get ttc ace etc etc etc ttc agt etg eta 97 
Leu lie Leu Ala He Gly Ala Phe Thr Leu Leu Leu Phe Ser Leu Leu 
15 20 25 

gtg tea cca ccc acc tgc aag gtc eag gag cag eca ccg gcg ate ccc 145 
Val Ser Pro Pro Thr Cys Lys Val Gin Glu Gin Pro Pro Ala He Pro 
30 35 40 

gag gee ctg gcc tgg ccc act eca ccc acc cgc cca gcc ccg gee ccg 193 
Glu Ala Leu Ala Trp Pro Thr Pro Pro Thr Arg Pro Ala Pro Ala Pro 
45 50 55 60 

tgc eat gcc aac ace tct atg gtc acc cac ccg gac ttc gee aeg cag 241 
Cys His Ala Asn Thr Ser Met Val Thr His Pro Asp Phe Ala Thr Gin 
65 70 75 

ccg cag cac gtt cag aac ttc etc ctg tac aga cac tgc cgc* cac ttt 289 
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Pro Gin His Val Gin Asn Phe Leu Leu Tyr Arg His Cys Arg His Phe 
80 85 90 

ccc ctg ctg cag gac gtg ccc ccc tct aag tgc gcg cag ccg gtc ttc 337 
Pro Leu Leu Gin Asp Val Pro Pro Ser Lys Cys Ala Gin Pro Val Phe 
95 100 105 

ctg ctg ctg gtg ate aag tec tec cct age aac tat gtg cgc cgc gag 385 
Leu Leu Leu Val lie Lys Ser Ser Pro Ser Asn Tyr Val Arg Arg Glu 
110 115 120 

ctg ctg egg cgc acg tgg ggc cgc gag cgc aag gta egg ggt ttg cag 433 
Leu Leu Arg Arg Thr Trp Gly Arg Glu Arg Lys Val Arg Gly Leu Gin 
125 130 135 140 

Ctg cgc etc etc ttc ctg gtg gge aca gee tec aac ccg eac gag gee 481 
Leu Arg Leu Leu Phe Leu Val Gly Thr Ala Ser Asn Pro His Glu Ala 

145 150 155 

cgc aag gtc aac egg ctg ctg gag ctg gag gea cag act eac gga gac 529 
Arg Lys Val Asn Arg Leu Leu Glu Leu Glu Ala Gin Thr His Gly Asp 
160 165 170 

ate ctg cag tgg gac ttc eac gac tee ttc ttc aac etc aeg etc aag 577 
lie Leu Gin Trp Asp Phe His Asp Ser Phe Phe Asn Leu Thr Leu Lys 
175 180 185 

cag gtc ctg ttc tta cag tgg cag gag aca agg tgc gcc aac gcc age 625 
Gin Val Leu Phe Leu Gin Trp Gin Glu Thr Arg Cys Ala Asn Ala Ser 
190 195 200 

ttc gtg etc aac ggg gat gat gac gtc ttt gca cac aca gac aac atg 673 
Phe Val Leu Asn Gly Asp Asp Asp Val Phe Ala His Thr Asp Asn Met 
205 210 215 220 

gte ttc tac ctg cag gac cat gac cct ggc cgc cae etc ttc gtg ggg 721 
Val Phe Tyr Leu Gin Asp His Asp Pro Gly Arg His Leu Phe Val Gly 
225 230 235 

caa ctg ate caa aac gtg ggc ccc ate egg get ttt tgg age aag tac 769 
Gin Leu Xle Gin Asn Val Gly Pro He Arg Ala Phe Trp Ser Lys Tyr 
240 245 250 

tat gtg eca gag gtg gtg act cag aat gag egg tac cea ccc tat tgt 817 
Tyr Val Pro Glu Val Val Thr Gin Asn Glu Arg Tyr Pro Pro Tyr Cys 
255 260 265 

ggg ggt^ ggt ggc ttc ttg ctg tec cgc ttc acg gcc get gcc ctg cgc 865 
Gly Gly Gly Gly Phe Leu Leu Ser Arg Phe Thr Ala Ala Ala Leu Arg 
270 275 280 

egt get gee cat gte ttg gac ate ttc ccc att gat gat gtc ttc ctg 913 
Arg Ala Ala His Val Leu Asp He Phe Pro Xle Asp Asp Val Phe Leu 
285 290 295 300 
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ggt atg tgt ctg gag ctt gag gga ctg aag cct gcc tec cac age ggc 961 

Gly Met Cys Leu Glu Leu Glu Gly Leu Lys Pro Ala Ser His Ser Gly 

305 310 315 

ate ego acg tet ggc gtg egg get cca teg caa cac ctg tec tee ttt 1009 
lie Arg Thr Ser Gly Val Arg Ala Pro Ser Gin His Leu Ser Ser Phe 
320 325 330 

gae ccc tgc ttc tac ega gac ctg ctg ctg gtg cac cgc ttc eta cet 1057 
Asp Pro Cys Phe Tyr Arg Asp Leu Leu Leu Val His Arg Phe Leu Pro 
335 340 345 

tat gag atg ctg etc atg tgg gat geg ctg aac cag ccc aae etc ace 1105 
Tyr Glu Met Leu Leu Met Trp Asp Ala Leu Asn Gin Pro Asn Leu Thr 
350 355 360 

tgc ggc aat cag aca cag ate tac tgagtcagca teaggcatcc geacgtctgg 1159 
Cys Gly Asn Gin Thr Gin lie Tyr 
365 370 

cgtgcggget ecategeaae acctgtcctc etttgacccc tgcttctac 1208 

<210> 2 

<211> 372 

<212> PRT 

<213> Homo Sapien 

<400> 2 

Met Lys Tyr Leu Arg His Arg Arg Pro Asn Ala Thr Leu lie Leu Ala 

15 10 15 

He Gly Ala Phe Thr Leu Leu Leu Phe Ser Leu Leu Val Ser Pro Pro 

20 25 30 

Thr Cys Lys Val Gin Glu Gin Pro Pro Ala He Pro Glu Ala Leu Ala 

35 40 45 

TTip Pro Thr Pro Pro Thr Arg Piro Ala Pro Ala Pro Cys His Ala Asn 

50 55 60 

Thr Ser Met Val Thr His Pro Asp Phe Ala Thr Gin Pro Gin His Val 
65 70 75 80 

Gin Asn Phe Leu Leu Tyr Arg His Cys Arg His Phe Pro Leu Leu Gin 

85 90 95 

Asp Val Pro Pro Ser Lys Cys Ala Gin Pro Val Phe Leu Leu Leu Val 

100 105 110 

He Lys Ser Ser Pro Ser Asn Tyr Val Arg Arg Glu Leu Leu Arg Arg 

115 120 125 

Thr Trp Gly Arg Glu Arg Lys Val Arg Gly Leu Gin Leu Arg Leu Leu 

130 135 140 

Phe Leu Val Gly Thr Ala Ser Asn Pro His Glu Ala Arg Lys Val Asn 
145 150 155 160 

Arg Leu Leu Glu Leu Glu Ala Gin Thr His Gly Asp He Leu Gin Trp 

165 170 175 

Asp Phe His Asp Ser Phe Phe Asn Leu Thr Leu Lys Gin Val Leu Phe 

180 185 190 

Leu Gin Trp Gin Glu Thr Arg Cys Ala Asn Ala Ser Phe Val Leu Asn 

195 200 205 

Gly Asp Asp Asp Val Phe Ala His Thr Asp Asn Met Val Phe Tyr Leu 
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210 215 
Gin Asp His Asp Pro Gly Arg His Leu 
225 230 
Asn Val Gly Pro lie Arg Ala Phe Trp 
245 

Val Val Thr Gin Asn Glu Arg Tyr Pro 
260 265 
Phe lieu Leu Ser Arg Phe Thr Ala Ala 

275 280 
Val Leu Asp lie Phe Pro He Asp Asp 

290 295 
Glu Leu Glu Gly Leu Lys Pro Ala Ser 
305 310 
Gly Val Arg 70.a Pro Ser Gin His Leu 
325 

Tyr Arg Asp Leu Leu Leu Val His Arg 
340 345 
Leu Met Trp Asp Ala Leu Asn Gin Pro 

355 360 
Thr Gin He Tyr 
370 



<210> 3 

<211> 1337 

<212> DNA 

<213> Mus musculus 

<220> 

<221> CDS 

<222> (19) . . . (1122) 



aat eta tec gtg tec teg cac ccc gac 
Asn Leu Ser Val Ser Ser His Pro Asp 
60 65 

gtg cgc gac ttc ttg ttc tac cgc cac 
Val Arg Asp Phe Leu Phe Tyr Arg His 



PCTAJSOl/15452 

220 

Phe Val Gly Gin Leu He Gin 
235 240 
Ser Lys Tyr Tyr Val Pro Glu 
250 255 
Pro Tyr Cys Gly Gly Gly Gly 
270 

Ala Leu Arg Arg Ala Ala His 
285 

Val Phe Leu Gly Met Cys Leu 
300 

His Ser Gly He Arg Thr Ser 
315 320 
Ser Ser Phe Asp Pro Cys Phe 
330 335 
Phe Leu Pro Tyr Glu Met Leu 
350 

Asn Leu Thr Cys Gly Asn Gin 
365 



51 



99 



147 



195 



ttc gcg ggg ctg ccc ttg cac 243 
Phe Ala Gly Leu Pro Leu His 
70 75 

tgc cgc gac ttc cca gtg etc 291 
Cys Arg Asp Phe Pro Val Leu 



<400> 3 

aggctccgcc cccacgcc atg egg ctg cca agg cag age ccc tac gag ate 

Met Arg Leu Pro Arg Gin Ser Pro Tyr Glu He 
15 10 

etc etc ctg gtc ttg gtc gee ttg ctg gtg ctg ctg ctg etc ctg aec 
Leu Leu Leu Val Leu Val Ala Leu Leu Val Leu Leu Leu Leu Leu Thr 
15 20 25 

age aag tea ceg cee age tgc tec gee cct gag agg tec aag gag ect 
Ser Lys Ser Pro Pro Ser Cys Ser Ala Pro Glu Arg Ser Lys Glu Pro 
30 35 40 

gaa gac aac ccc ggg tgg gee acg gge cac ccc gee egg tgc cga get 
Glu Asp Asn Pro Gly Trp Ala Thr Gly His Pro Ala Arg Cys Arg Ala 
45 50 55 
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cga gag ccg egg gtt acc aag tgc gcg gag ccc gtg ttc ctg ctg etc 339 
Arg Glu Pro Arg Val Thr Lys Cys Ala Glu Pro Val Phe Leu Leu Leu 
95 100 105 

gcc ate aag tec teg cct gca aac tat ggg cgc cgc cag atg ctg cgc 387 
Ala lie Lys Ser Ser Pro Ala Asn Tyr Gly Arg Arg Gin Met Leu Arg 
110 115 120 

acg acg tgg gcg cgc gag aga egg gtg cgt ggg gcg cca ctg cgc cgc 435 
Thr Thr Trp Ala Arg Glu Arg Arg Val Arg Gly Ala Pro Leu Arg Arg 
125 130 135 

etc ttc ctt gtg ggc tea gae cgc gae cca caa caa gca cgc aaa tac 483 
Leu Phe Leu Val Gly Ser Asp Arg Asp Pro Gin Gin Ala Arg Lys Tyr 
140 145 150 155 

aac cga ctg ctg gag ctg gaa gcg cag aaa tac ggc gae att etc cag 531 
Asn Arg Leu Leu Glu Leu Glu Ala Gin Lys Tyr Gly Asp He Leu Gin 
160 165 170 

tgg gat ttc cat gae tec ttc ttt aac ctg acg ctt aag cag gtc ctt 579 
Trp Asp Phe His Asp Ser Phe Phe Asn Leu Thr Leu Lys Gin Val Leu 
175 180 , 185 

ttc ctg gag tgg cag eta acc tac tgt acc aac gcc age ttc gtg etc 627 
Phe Leu Glu Trp Gin Leu Thr Tyr Cys Thr Asn Ala Ser Phe Val Leu 
190 195 200 

aat ggg gae gae gat gtg ttc, gca cac acg gae aac atg gtc acc tac 675 
Asn Gly Asp Asp Asp Val Phe Ala His Thr Asp Asn Met Val Thr Tyr 
205 210 215 

etg cag gae cac gae ccg gae caa cac etc ttc gtg ggg cac ctg ate 723 
Leu Gin Asp His Asp Pro Asp Gin His Leu Phe Val Gly His Leu He 
220 225 230 235 

eag aac gtg ggt ccc ate egg gtg ccc tgg age aag tac ttc ate ccc 771 • 
Gin Asn Val Gly Pro He Arg Val Pro Trp Ser Lys Tyr Phe He Pro 
240 245 250 

get ctg gtg atg gcg gag gae aga tac ccg ccc tac tgt ggt ggc ggc 819 
Ala Leu Val Met Ala Glu Asp Arg Tyr Pro Pro Tyr Cys Gly Gly Gly 
255 260 265 

ggc ttc etg ctg teg cgt ttt acc gtg gee gcc eta cgt cgc gee gcg 867 
Gly Phe Leu Leu Ser Arg Phe Thr Val Ala Ala Leu Arg Arg Ala Ala 
270 275 280 

cgc gtc etc ccc atg ttc cca ate gae gae gtg ttc ctg ggc atg tgt 915 
Arg Val Leu Pro Met Phe Pro He Asp Asp Val Phe Leu Gly Met Cys 
285 290 295 

ctg cag cag cag ggt ctg get ccc ggg acg cac age gga gtg cgc act 963 
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Leu Gin Gin Gin Gly Leu Ala Pro Gly Thr His Ser Gly Val Krs Thr 

300 305 310 315 

gcg ggg gtt ttc ccc cct age cca cgt gtg tea tec ttc gac ccc tgc 1011 
Ala Gly Val Phe Pro Pro Ser Pro Arg Val Ser Ser Phe Asp Pro Cys 
320 325 330 

ttc tac cgc gac ctg etc etc gtg cac cgc ttc ctg ccc ttc gag atg 1059 
Phe Tyr Arg Asp Leu Leu Leu Val His Arg Phe LeU Pro Phe Glu Met 
335 340 345 

ctg ctg atg tgg gat gcg ctg aac cag ccc cag etc etc tgc ggc agg 1107 
Leu Leu Met Ti^p Asp Ala Leu Asn Gin Pro Gin Leu Leu Cys Gly Arg 
350 355 360 

eag age ccc gcc tac tgagaggttt gggggagttg acatccccta gctcatgtcc 1162 
Gin Ser Pro Ala Tyr 
365 

tgcctcatcc acgtgcaaag ggctggcttc aaggagaagt tcaaagtgag gggcagaaag 1222 
gtgggtctga ggagttcata gggcaaactc ctaagtacgc ttggaaaccc tcttggtact 1282 
gttcacagea ggaactctga gtctagccaa ctctgagtgg ctctaagtgg ccgct 1337 

<210> 4 

<211> 368 

<212> PRT 

<213> Mus mus cuius 

<400> 4 

Met Arg Leu Pro Arg Gin Ser Pro Tyr Glu He Leu Leu Leu Val Leu 

1 5 10 15 

Val Ala Leu Leu Val Leu Leu Leu Leu Leu Thr Ser Lys Ser Pro Pro 

20 25 30 

Ser Cys Ser Ala Pro Glu Arg Ser Lys Glu Pro Glu Asp Asn Pro Gly 

35 40 45 

Trp Ala Thr Gly His Pro Ala Arg Cys Arg Ala Asn Leu Ser Val Ser 

50 55 60 

Ser His Pro Asp Phe Ala Gly Leu Pro Leu His Val Arg Asp Phe Leu 
65 70 75 80 

Phe Tyr Arg His Cys Arg Asp Phe Pro Val Leu Arg Glu Pro Arg Val 

85 90 95 

Thr Lys Cys Ala Glu Pro Val Phe Leu Leu Leu Ala He Lys Ser Ser 

100 105 110 

Pro Ala Asn Tyr Gly Arg Arg Gin Met Leu Arg Thr Thr Trp Ala Arg 

115 120 125 

Glu Arg Arg Val Arg Gly Ala Pro Leu Arg Arg Leu Phe Leu Val Gly 

130 135 140 

Ser Asp Arg Asp Pro Gin Gin Ala Arg Lys Tyr Asn Arg Leu Leu Glu 
145 150 155 160 

Leu Glu Ala Gin Lys Tyr Gly Asp He Leu Gin Trp Asp Phe His Asp 

165 170 175 

Ser Phe Phe Asn Leu Thr Leu Lys Gin Val Leu Phe Leu Glu Trp Gin 

180 185 190 

Leu Thr Tyr Cys Thr Asn Ala Ser Phe Val Leu Asn Gly Asp Asp Asp 
195 200 205 
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Val Phe Ala His Thr Asp Asn Met Val Thr Tyr t»eu Gin Asp His Asp 

210 -215 220 

Pro Asp Gin His Leu Phe Val Gly His Leu He Gin Asn Val Qly Pro 
225 230 235 240 

lie Arg Val Pro Trp Ser l*ys Tyr Phe He Pro Ala Leu Val Met Ala 

245 250 255 

Glu Asp Arg Tyr Pro Pro Tyr Cys Gly G^Y G^Y G^Y Phe Leu Leu Ser 

260 265 270 

Arg Phe Thr Val Ala 7U.a Leu Arg Arg Ala Ala Arg Val Leu Pro Met 

275 280 285 

Phe Pro He Asp Asp Val Phe Leu Gly Met Cys Leu Gin Gin Gin Gly 

290 295 300 

Leu Ala Pro Gly Thr His Ser Gly Val Arg Thr Ala Gly Val Phe Pro 
305 310 315 320 

Pro Ser Pro Arg Val Ser Ser Phe Asp Pro Cys Phe Tyr Arg Asp Leu 

325 330 335 

Leu Leu Val His Arg Phe Leu Pro Phe Glu Met Leu Leu Met Trp Asp 

340 345 350 

Ala Leu Asn Gin Pro Gin Leu Leu Cys Gly Arg Gin Ser Pro Ala Tyr 
355 360 365 



<210> 5 
<211> 1333 
<212> DNA 
<213> Homo Sapien 

<220> 
<221> CDS 

<222> (111) (1250) 

<400> 5 

ttggccagaa ggggaataga aggcaaacaa taaaacagca gcccaactcc accctttctg 60 
tttgttcctt aaaggtcttc cacttcagca caatgctact gcctaaaaaa atg aag 116 

Met Lys 
1 

etc ctg ctg ttt ctg gtt tec eag atg gee ate ttg get eta ttc ttc 164 
Leu Leu Leu Phe Leu Val Ser Gin Met Ala He Leu J\la Leu Phe Phe 
5 10 15 

cac atg tac age eac aac ate age tec ctg tct atg aag gca cag cec 212 
His Met Tyr Ser His Asn He Ser Ser Leu Ser Met Lys Ala Gin Pro 
20 25 30 

gag cgc atg cac gtg ctg gtt ctg tct tec tgg cgc tct ggc tct tct 260 
Glu Arg Met His Val Leu Val Leu Ser Ser Trp Arg Ser Gly Ser Ser 
35 40 45 50 

ttt gtg ggg eag ett ttt ggg cag cac cca gat gtt ttc tac ctg atg 308 
Phe Val Gly Gin Leu Phe Gly Gin His Pro Asp Val Phe Tyr Leu Met 
55 60 65 

gag cec gee tgg cac gtg tgg atg acc ttc aag cag age ace gcc tgg 356 
Glu Pro Ala Trp His Val Trp Met Thr Phe Lys Gin Ser Thr Ala Trp 
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70 75 80 

atg ctg cac atg get gtg egg gat ctg ata egg gee gtc ttc ttg tgc 404 
Met Leu His Met Ala Val Arg Asp Leu He Arg Ala Val Ptxe Leu Cys 
85 90 95 

gac atg age gtc ttt gat gcc tac atg gaa cot ggt ccc egg aga cag 452 
Asp Met Ser Val Phe Asp Ala Tyr Met Glu Pro Gly Pro Aarg Arg Gin 
100 105 110 

tec age cte ttt cag tgg gag aac age egg gcc ctg tgt tct gea cct 500 
Ser Ser Leu Phe Gin Trp Glu Asn Ser Arg Ala Leu Cys Ser Ala Pro 
115 120 125 130 

gcc tgt gac ate ate cca caa gat gaa ate ate ccc egg get cac tgc 548 
Ala Cys Asp He He Pro Gin Asp Glu He Xle Pro Arg Ala His Cys 
135 140 145 

agg etc ctg tgc agt caa cag ccc ttt gag gtg gtg gag aag gcc tgc 596 
Arg Leu Leu Cys Ser Gin Gin Pro Phe Glu Val Val Glu Lys Ala Cys 
150 155 160 

cgc tec tac age cac gtg gtg cte aag gag gtg cgc ttc ttc aac ctg 644 
Arg Ser Tyr Ser His Val Val I*eu Lys Glu Val Arg Phe Phe Asn Leu 
165 170 175 

cag tec etc tac ccg ctg ctg aaa gac ccc tec etc aac ctg cat ate 692 
Gin Ser Leu Tyx Pro Leu Leu Lys Asp Pro Ser Leu Asn Leu His He 
180 185 190 

gtg cac ctg gtc egg gac ccc egg gee gtg ttc cgt tec cga gaa cgc 740 
Val His Leu Val Arg Asp Pro Arg Ala Val Phe Arg Ser Arg Glu Arg 
195 200 205 210 

aca aag gga gat etc atg att gac agt cgc att gtg atg ggg cag eat 788 
Thr Lys Gly Asp Leu Met He Asp Ser Arg He Val Met Gly Gin His 
215 220 225 

gag caa aaa etc aag aag gag gac caa ccc tac tat gtg atg cag gtc 836 
Glu Gin Lys Leu Lys Lys Glu Asp Gin Pro Tyr Tyr Val Met Gin Val 
230 235 240 

ate tgc caa age cag ctg gag ate tac aag acc ate cag tec ttg ccc 884 
He Cys Gin Ser Gin Leu Glu He Tyr Lys Thr He Gin Ser Leu Pro 
245 250 255 

aag gcc ctg cag gaa cgc tac ctg ett gtg cgc tat gag gac ctg get 932 
Lys Ala Leu Gin Glu Arg Tyr Leu Leu Val Arg Tyr Glu Asp Leu Ala 
260 265 270 

cga gcc cct gtg gcc cag act tec cga atg tat gaa ttc gtg gga ttg 980 
Arg Ala Pro Val Ala Gin Thr Ser Arg Met Tyr Glu Phe Val Gly Leu 
275 280 285 290 

gaa ttc ttg ccc cat ett cag ace tgg gtg cat aac ate acc cga ggc 1028 
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Glu Phe 3;>eu Pro His lieu Gin Thr Trp Val His Asn He Thr Arg Gly 
295 300 305 

aag ggc atg ggt gac cac get ttc cac aca aat gcc agg gat gcc ctt 1076 
Lys Gly Met Gly Asp His Ala Phe His Thr Asn Ala Arg Asp Ala Leu 

310 315 320 

aat gtc tec cag get tgg cgc tgg tct ttg ccc tat gaa aag gtt tct 1124 
Asn Val Ser Gin Ala Trp Aarg Trp Ser Leu Pro Tyr Glu Lys Val Ser 
325 330 335 

ega ctt cag aaa gcc tgt ggc gat gcc atg aat ttg ctg ggc tac cgc 1172 
Arg Leu Gin Lys Ala Cys Gly Asp Ala Met Asn Leu Leu Gly Tyr Arg 
340 345 350 

cac gtc aga tct gaa caa gaa cag aga aac ctg ttg ctg gat ctt ctg 1220 
His Val Arg Ser Glu Gin Glu Gin Arg Asn Leu Leu Leu Asp Leu Leu 
355 360 365 370 

tct ace tgg act gtc .cet gag eaa ate cac taagagggtt gagaaggctt 1270 
Ser Thr Trp Thr Val Pro Glu Gin lie His 

375 380 

tgctgccacc tggtgtcagc ctcagtcact ttctctgaat gcttctgagc cttgcctaca 1330 
tct 1333 

<210> 6 

<211> 380 

<212> PRT 

<213> Homo Sapien 

<400> 6 

Met Lys Leu Leu Leu Phe Leu Val Ser Gin Met Ala lie Leu Ala Leu 

15 10 15 

Phe Phe His Met Tyr Ser His Asn lie Ser Ser Leu Ser Met Lys Ala 

20 25 30 

Gin Pro Glu Arg Met His Val Leu Val Leu Ser Ser Trp Arg Ser Gly 

35 40 45 

Ser Ser Phe Val Gly Gin Leu Phe Gly Qln His Pro Asp Val Phe Tyr 

50 55 60 

Leu Met Glu Pro Ala Trp His Val Trp Met Thr Phe Lye Gin Ser Thr 
65 70 75 80 

Ala Trp Met Leu His Met Ala Val Arg Asp Leu lie Arg Ala Val Phe 

85 90 95 

Leu Cys Asp Met Ser Val Phe Asp Ala Tyr Met Glu Pro Gly Pro Arg 

100 105 110 

Arg Gin Ser Ser Leu Phe Gin Trp Glu Asn Ser Arg Ala Leu Cys Ser 

115 120 125 

Ala Pro Ala Cys Asp He He Pro Gin Asp Glu He He Pro Arg Ala 

130 135 140 

His Cys Arg Leu Leu Cys Ser Gin Gin Pro Phe Glu Val Val Glu Lys 
145 150 155 160 

Ala Cys Arg Ser Tyr Ser His Val Val Leu Lys Glu Val Arg Phe Phe 

165 170 175 

Asn Leu Gin Ser Leu Tyr Pro Leu Leu Lys Asp Pro Ser Leu Asn Leu 
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180 185 190 

His lie Val His Leu Val Arg Asp Pro Arg Ala Val Phe Arg Ser Arg 

195 200 205 

Glu Arg Thr Lys Gly Asp Leu Met lie Asp Ser Arg He Val Met Gly 

210 215 220 

Gin His Glu Gin Lys Leu Lys Lys Glu Asp Gin Pro Tyr Tyx Val Met 
225 230 235 240 

Gin Val He Cys Gin Ser Gin Leu Glu He Tyr Lys Thr He Gin Ser 

245 250 255 

Leu Pro Lys Ala Leu Gin Glu Arg Tyr Leu Leu Val Arg Tyr Glu Asp 

260 265 270 

Leu Ala Arg Ala Pro Val Ala Gin Tlir Ser Arg Met Tyr Glu Phe Val 

275 280 285 

Gly Leu Glu Pbe Leu Pro His Leu Gin Thr Trp Val His Asn He Thr 

290 295 300 

Arg Gly Lys Gly Met Gly Asp His Ala Phe His Thr Asn Ala Arg Asp 
305 310 315 320 

Ala Xieu Asn Val Ser Gin Ala Trp Arg Trp Ser Leu Pro Tyr Glu Lys 

325 330 335 

Val Ser Arg Leu Gin Lys Ala Cys Gly Asp Ala Met Asn ILeu Leu Gly 

340 345 350 

Tyr Arg His Val Arg Ser Glu Gin Glu Gin Arg Asn Leu Leu Leu Asp 

355 360 365 

Leu Leu Ser Thr Trp Thr Val Pro Glu Gin He His 
370 375 380 



<210> 7 
<211> 1937 
<212> DNA 

<213> Mus musculus 

<220> 
<221> CDS 

<222> (75) . . . (1259) 
<400> 7 

tgagcggctc tttgtgtgcg ccctgggtgc gcagcgcaga agcgcagcgg gcagcgcagg 60 
ccctagccag aggt atg egg eta ccc egt tte tec age aet gtc atg ctt 110 
Met Arg Leu Pro Axrg Phe Ser Ser Thr Val Met Leu 
15 10 

teg etc ctg atg gta cag aet ggc ate etg gte tte etg gte tee egg 158 
Ser Leu Leu Met Val Gin Thr Gly He Leu Val Phe Leu Val Ser Arg 
15 20 25 

caa gtg cca teg tec eca gca ggc ctt ggg gag egt gtg cac gtg ctg 206 
Gin Val Pro Ser Ser Pro Ala Gly Leu Gly Glu Arg Val His Val Leu 
30 35 40 

gta ctg tee teg tgg cgc teg ggc teg tec tte gtg ggc cag etc tte 254 
Val Leu Ser Ser Trp Arg Ser Gly Ser Ser Phe Val Gly Gin Leu Phe 
45 50 55 60 

age caa cac ccc gat. gtc tte tac ctg atg gag ccg get tgg cac gtc 302 
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Ser Gin His Pro Asp Val Phe Tyr Leu Met Glu Pro Ala Trp His Val 
65 70 75 

tSrer gat acg ttg teg cag ggc agt gcc ccc gca etc cac atg gcc gtg 350 
Trp Asp Thr Leu Ser Gin Gly Ser Ala Pro Ala Leu His Met Ala Val 
80 85 90 

cgt gac ctg ate cgc tea gtg ttc eta tgc gac atg gac gta ttt gat 398 
Arg Asp Leu He Arg Ser Val Phe Leu Cys Asp Met Asp Val Phe Asp 
95 100 105 

gcc tac ctg ccc tgg cgc cgc aac ate teg gat etc ttc cag tgg gcg 446 
Ala Tyr Leu Pro Trp Arg Arg Asn He Ser Asp Leu Phe Gin Trp Ala 
110 115 120 

gtg age cgc gca ttg tgc tea ect ceg gte tgc gaa gcc ttc get cgt 494 
Val Ser Arg Ala Leu Cys Ser Pro Pro Val Cys Glu Ala Phe Ala Arg 
125 130 . 135 140 

ggc aac ate age age gag gag gtg tgt aag ect ctg tgc gca acg egg 542 
Gly Asn lie Ser Ser Glu Glu Val Cys Lys Pro Leu Cys Ala Thr Arg 
145 150 155 

CCC ttc ggc ctg get cag gaa gcc tgc age tec tat agt cac gte gtg 590 
Pro Phe Gly Leu Ala Gin Glu Ala Cys Ser Ser Tyr Ser His Val Val 
160 165 170 

etc aag gag gtg cgc ttc ttt aac eta cag gtg etc tac ccg ctg etc 638 
Leu Lys Glu Val Arg Phe Phe Asn Leu Gin Val Leu Tyr Pro Leu Leu 
175 180 185 

age gac cet gcg etc aac ctg cgc ate gtg cac eta gtg cgc gac ceg 686 
Ser Asp Pro Ala Leu Asn Leu Arg lie Val His Leu Val Arg Asp Pro 
190 195 200 

egg gcc gtg ctg cgc tec cga gag cag aca gcc aag gcg ctg gca egg 734 
Arg Ala Val Leu Arg Ser Arg Glu Gin Thr Ala Lys Ala Leu Ala Arg 
205 210 215 220 

gac aat ggc ate gte ctg ggt acc aac ggc acg tgg gtg gag gcg gac 782 
Asp Asn Gly He Val Leu Gly Thr Asn Gly Thr Trp Val Glu Ala Asp 

225 230 235 

ccc egg ctg cgc gtg gte aac gag gta tgc cgc age cat gtg cgc ate 830 
Pro Arg Leu Arg Val Val Asn Glu Val Cys Arg Ser His Val Arg He 
240 245 250 

gca gag gca gcc ttg cac aag ccg ccg ccc ttc ttg caa gat cgc tac 878 
Ala Glu Ala Ala Leu His Lys Pro Pro Pro Phe Leu Gin Asp Arg Tyr 
255 260 265 

cgc ctg gtg cgc tac gag gat ctg gee egg gac cca etc acc gta ate 926 
Arg Leu Val Arg Tyr Glu Asp Leu Ala Arg Asp Pro Leu Thr Val He 
270 275 280 
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cgt gaa etc tat gcc ttc acc ggc ctg ggt etc acg ccg cag etc eag 974 
Arg Glu Leu Tyr Ala Phe Thr Gly l»eu Gly Leu Thr Pro Gin Leu Gin 
285 290 295 300 



act tgg ate cac aat ate acg cat ggt tea ggg cca ggc gcg cgc cgt 1022 
Thr Trp lie His Asn He Thr His Gly Ser Gly Pro Gly Ala Arg Arg 
305 310 315 



gaa gcc ttc aag ace aea tec agg gat gcg etc agt gta tec cag gcc 1070 
Glu Ala Phe Lys Thr Thr Ser Arg Asp Ala Leu Ser Val Ser Gin Ala 
320 325 330 



tgg cgc cac acg ctg ccc ttt gcc aag att cgc egg gtc cag gaa ctg 1118 
Trp Arg His Thr Leu Pro Phe Ala Lys He Arg Arg Val Gin Glu Leu 
335 340 345 



tgc ggg ggt gca ctg cag ctg ctg ggt tac egg tct gtg cat teg gag 1166 
Cys Gly Gly Ala Leu Gin Leu Leu Gly Tyr Arg Ser Val His Ser Glu 
350 355 360 



ctt gag caa agg gac etc tct ctg gac etc ctg ctg cca aga ggc atg 1214 
Leu Glu Gin Arg Asp Leu Ser Leu Asp Leu Leu Leu Pro Arg Gly Met 
365 370 375 380 



gac agt ttc aag tgg gca teg tec acg gag aag caa ccg gaa tct 1259 
Asp Ser Phe Lys Trp Ala Ser Ser Thr Glu Lys Gin Pro Glu Ser 
385 390 395 



tagaatttta gtggagagac ecagctataa 
ggggcttgga gaacccaaaa gcaagtaget 
gaaaggatgg agtccaaate ecacatctct 
tcttttaggg tttggattcc caccaagtae 
ttccttcaga gaggcagcca gectcctact 
cctctttgat cataccatgc aatcgcagag 
ggaaaggcgc ggctgtgggc tggctcetaa 
ccagacctet gctcactgec aegecctagt 
tgggectggt caaggaggaa aatgagacga 
tctagaaggg aatceaggea cacacacaac 
tctttgattt gtcetgagat gaaagatcet 
gtgatccaaa aaaaaaaa 

<210> 8 

<211> 395 

<212> PRT 

<213> Mus musculus 



cattagggtc tattggagta tgataaagaa 1319 
gggagtgtga gtgatcttgt cctgtactag 13 79 
ttctgtccag attgtagttt tcggttttgg 1439 
tatcgaatgg aaagcaaaag ctgtgcccac 1499 
aaagcacttc ctttctcgtt gactctctec 1559 
aatggggtcc caggcctgct ctggagtgcg 1619 
aatetgtgca cetgectcte gttggctcac 1679 
atctcagtcc atcatagact tggacagtta 1739 
tgcttcecte tgtgattctc tgcctgacct 1799 
catacctgag gaggatgget ttttaatgaa 1859 
aatttatgga aataaacata aatatgctgc 1919 

1937 



<400> 8 

Met Arg Leu Pro Arg Phe Ser Ser 

1 5 
Val Gin Thr Gly He Leu Val Phe 
20 

Ser Pro Ala Gly Leu Gly Glu Arg 

35 40 
Trp Arg Ser Gly Ser Ser Phe Val 
50 55 



Thr Val Met Leu Ser Leu Leu Met 

10 15 
Leu Val Ser Arg Gin Val Pro Ser 
25 30 
Val His Val Leu Val Leu Ser Ser 
45 

Gly Gin Leu Phe Ser Gin His Pro 
60 



- 12 - 



SUBSTITUTE SHEET (RULE 26) 



wo 01/85177 PCT/USOl/15452 

Asp Val Phe Tyr Leu Met Glu Pro Ala Trp His Val Trp Asp Thr Leu 
^5 70 75 80 

Ser Gin Gly Ser Ala Pro Ala Leu His Met Ala Val Arg Asp Leu lie 

85 90 95 

Arg Ser Val Phe Leu Cys Asp Met Asp Val Phe Asp Ala Tyr Leu Pro 

100 105 110 

Trp Arg Arg Asn lie Ser Asp Leu Phe Gin Tzrp Ala Val Ser Arg Ala 

115 120 125 

Leu Cys Ser Pro Pro Val Cys Glu Ala Phe Ala Arg Gly Asn He Ser 

130 135 140 

Ser Glu Glu Val Cys Lys Pro Leu Cys Ala Thr Arg Pro Phe Gly Leu 
^45 150 155 160 

Ala Gin Glu Ala Cys Ser Ser Tyr Ser His Val Val Leu Lys Glu Val 

165 170 175 

Arg Phe Phe Asn Leu Gin Val Leu Tyr Pro Leu Leu Ser Asp Pro Ala 

180 185 190 

Leu Asn Leu Arg He Val His Leu Val Arg Asp Pro Arg Ala Val Leu 

195 200 205 

Arg Ser Arg Glu Gin Thr Ala Lys Ala Leu Ala Arg Asp Asn Gly He 

210 215 220 

Val Leu Gly Thr Asn Gly Thr Trp Val Glu Ala Asp Pro Arg Leu Arg 
225 230 235 240 

Val Val Asn Glu Val Cys Arg Ser His Val Arg He Ala Glu Ala Ala 

245 250 255 

Leu His Lys Pro Pro Pro Phe Ijeu Gin Asp Arg Tyr Arg Leu Val Arg 

260 265 270 

Tyr Glu Asp Leu Ala Arg Asp Pro Leu Thr Val He Arg Glu Leu Tyr 

275 280 285 

Ala Phe Thr Gly Leu Gly Leu Thr Pro Gin Leu Gin Thr Trp He His 

290 295 300 

Asn He Thr His Gly Ser Gly Pro Gly Ala Arg Arg Glu Ala Phe Lys 
305 310 315 320 

Thr Thr Ser Arg Asp Ala Leu Ser Val Ser Gin Ala Trp Arg His Thr 

325 330 335 

Leu Pro Phe Ala Lys He Arg Arg Val Gin Glu Leu Cys Gly Gly Ala 

340 345 350 

Leu Gin Leu Leu Gly Tyr Arg Ser Val His Ser Glu Leu Glu Gin Arg 

355 360 365 

Asp Leu Ser Leu Asp Leu Leu Leu Pro Arg Gly Met Asp Ser Phe Lys 

370 375 380 

Tip Ala Ser Ser Thr Glu Lys Gin Pro Glu Ser 
385 390 395 

<210> 9 

<211> 26 

<212> DNA 

<213> Homo Sapien 

<400> 9 

ctggctggcc aggatgaagt atctcc 26 

<210> 10 
<211> 28 
<212> DNA 
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<213> Homo Saplen 



<400> 10 

cctgatgctg actcagtaga tctgtgtc 



28 



<210> 11 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Construct 

<400> 11 

cgggatcccg aggccctggc ctggcccact cc 32 

<210> 12 
<211> 32 
<212> DNA 

<213> Artificial Secpience 
<220> 

<223> Synthetic Construct 



<210> 13 

<211> 24 

<212> DNA 

<213> Homo sapien 

<400> 13 

ttcctgctgc tggtgatcaa gtcc 24 

<210> 14 

<211> 25 

<212> DNA 

<213> Homo sapien 



<210> 15 

<211> 29 

<212> DNA 

<213> Mus musculus 

<400> 15 

atggaaatcc cactggagaa tgtcgccgt 29 

<210> 16 

<211> 27 

<212> DNA 

<213> Mus musculus 



<400> 12 

gctctagact cagtagatct gtgtctgatt gc 



32 



<400> 14 

caggacctgc ttgagcgtga ggttg 



25 
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<400> 16 

gcctgcaaac tatgggcgcc gccagat 27 

<2X0> 17 

<211> 26 

<212> DNA 

<213> Homo sapien 

<400> 17 

ccgaattctc ccgagaacgc acaaag 26 

<210> 18 

<211> 27 

<212> DNA 

<213> Homo sapien 

<400> 18 

cccaagcttc tcatagcgca caagcag 27 

<210> X9 

<211> 19 

<212> DNA 

<213> Homo sapien 

<400> 19 

ttggccagaa ggggaatag 19 

<210> 20 

<211> 22 

<212> DNA 

<213> Homo sapien 

<400> 20 

ccactgaaag aggctggact gt 22 

<210> 21 

<211> 21 

<212> DNA 

<213> Homo sapien 

<400> 21 

ggttctgtct tcctggcgct c 21 

<210> 22 

<211> 22 

<212> DNA 

<213> Homo sapien 

<400> 22 

tttggcagat gacctgcatc ac 22 

<210> 23 
<211> 22 
<212> DNA 
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PCT/USOl/15452 



<400> 23 

agaacgcaca aaggagatct ca 22 

<210> 24 

<211> 22 

<212> DNA 

<213> Homo sapien 

<400> 24 

agatgtaggc aaggctcaga ag 22 

<210> 25 
<211> 326 
<212> PRT 

<213> Mus musculus 



<400> 25 



Met 


Ala 


Ser 


Lys 


Val 


Ser 


Cys 


Leu Tyr Val 


Leu 


Ser Val Val Cys Trp 


1 








5 








10 




15 


Ala 


Ser 


Ala 


Leu 


Trp 


Tyr 


Leu 


Ser He Thr Arg 


Pro Thr Ser Ser Tyr 








20 








25 






30 


Thr 


Gly 


Ser 


Lys 


Pro 


Phe 


Ser 


His Leu 


Thr 


Val 


Ala Arg Lys Asn Phe 






35 










40 






45 


Thr 


Phe 


Gly 


Asn 


He 


Arg 


Thr 


Arg Pro 


He 


Asn 


Pro His Ser Phe Glu 




50 










55 








60 


Phe 


lieu 


He 


Asn 


Glu 


Pro 


Asn 


Lys Cys 


Glu Lys Asn He Pro Phe Leu 


65 










70 








75 


80 


Val 


He 


Leu 


He 


Ser 


Thr 


Thr 


His Lys 


Glu 


Phe 


Asp Ala Arg Gin Ala 










85 








90 




95 


He 


Arg 


Glu 


Thr 


Trp 


Gly 


Asp 


Glu Asn 


Asn 


Phe 


Lys Gly He Lys He 








100 








105 






110 


Ala 


rrhr 


Leu 


Phe 


Leu 


Leu 


Gly 


Lys Asn Ala Asp Pro Val Leu Asn Gin 






115 










120 






125 


Met 


Val 


Glu 


Gin 


Glu 


Ser 


Gin 


He Phe 


His 


Asp 


He He Val Glu Asp 




130 










135 








140 


Phe 


He 


Asp 


Ser 


Tyr 


His 


Asn 


Leu Thr Leu Lys 


Thr Leu Met Gly Met 


145 










150 








155 


160 


Arg 


Trp 


Val 


Ala 


Thr 


Phe 


Cys 


Ser Lys 


Ala 


Lys 


Tyr Val Met Lys Thr 










165 








170 




175 


Asp 


Ser 


Asp 


He 


Phe 


Val 


Asn 


Met Asp 


Asn 


Leu 


He Tyr Lys Leu Leu 








180 








185 






190 


Ztys 


Pro 


Ser 


Thr 


Lys 


Pro 


Arg 


Arg Arg 


Tyr 


Phe 


Thr Gly Tyr Val He 






195 










200 






205 


Asn 


Gly 


Gly 


Pro 


He 


Arg 


Asp 


Val Arg 


Ser 


Lys 


Trp Tyr Met Pro Arg 




210 










215 








220 


Asp 


lieu 


Tyr 


Pro 


Asp 


Ser 


Asn 


Tyr Pro 


Pro 


Phe 


Cys Ser Gly Thr Gly 


225 










230 








235 


240 


Tyr 


He 


Phe 


Ser 


Ala 


Asp 


Val 


Ala Glu 


Leu 


He 


Tyr Lys Thr Ser Leu 










245 








250 




255 


His 


Thr 


Arg 


Leu 


Leu 


His 


Leu 


Glu Asp Val Tyr Val Gly Leu Cys Leu 








260 








265 






270 


Arg 


Iiys 


Leu 


Gly 


He 


His 


Pro 


Phe Gin Asn Ser Gly Phe Asn His Trp 






275 










280 






285 
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Lys Met Ala Tyr Ser Leu Cys Arg Tyr Arg Arg Val He Thr Val His 

290 29S 300 

Gin He Ser Pro Glu Glu Met His Arg He Trp Asn Asp Met Ser Ser 
305 310 315 320 

Lys Lys His Leu Arg Cys 
325 



<210> 26 
<2X1> 422 
<212> PRT 

<213> Mus musculus 
<400> 26 

Met Leu Gin Trp Arg Arg Arg His Cys Cys Phe Ala Lys Met Thr Trp 

15 10 15 

Ser Pro Lys Arg Ser Leu Leu Arg Thr Pro Leu Thr Gly Val Leu Ser 

20 25 30 

Leu Val Phe Leu Phe Ala Met Phe Leu Phe Phe Asn His His Asp Trp 

35 40 45 

Leu Pro Gly Arg Pro Gly Phe Lys Glu Asn Pro Val Thr Tyr Thr Phe 

50 55 60 

Arg Gly Phe Arg Ser Thr Lys Ser Glu Thr Asn His Ser Ser Leu Arg 
65 70 75 80 

Thr He Trp Lys Glu Val Ala Pro Gin Thr Leu Arg Pro His He Ala 

85 90 95 

Ser Asn Ser Ser Asn Thr Glu Leu Ser Pro Gin Gly Val Thr Gly Leu 

100 105 110 

Gin Asn Thr Leu Ser Ala Asn Gly Ser He Tyr Asn Glu Lys Gly Thr 

115 120 125 

Gly His Pro Asn Ser Tyr His Phe Lys Tyr He He Asn Glu Pro Glu 

130 135 140 

Lys Cys Gin Glu Lys Ser Pro Phe Leu He Leu Leu He Ala Ala Glu 
145 150 155 160 

Pro Gly Gin He Glu Ala Arg Arg Ala He Arg Gin Thr Trp Gly Asn 

165 170 175 

Glu Thr Leu Ala Pro Gly He Gin He He Arg Val Phe Leu Leu Gly 

180 185 190 

He Ser He Lys Leu Asn Gly Tyr Leu Gin His Ala He Gin Glu Glu 

195 200 205 

Ser Arg Gin Tyr His Asp He He Gin Gin Glu Tyr Leu Asp Thr Tyr 

210 215 220 

Tyr Asn Leu Thr He Lys Thr Leu Met Gly Met Asn Trp Val Ala Thr 
225 230 235 240 

Tyr Cys Pro His Thr Pro Tyr Val Met Lys Thr Asp Ser Asp Met Phe 

245 250 255 

Val Asn Thr Glu Tyr Leu He His Lys Leu Leu Lys Pro Asp Leu Pro 

260 265 270 

Pro Arg His Asn Tyr Phe Thr Gly Tyr Leu Met Arg Gly Tyr Ala Pro 

275 280 285 

Asn Arg Asn Lys Asp Ser Lys Trp Tyr Met Pro Pro Asp Leu Tyr Pro 

290 295 300 

Ser Glu Arg Tyr Pro Val Phe Cys Ser Gly Thr Gly Tyr Val Phe Ser 
305 310 3X5 320 

Gly Asp Leu Ala Glu Lys He Phe Lys Val Ser Leu Gly He Arg Arg 
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325 330 335 



Xi6U 


HXS 




Glu 


Asp 


Val 




Gly He 


Cys 


Leu Ala 


Lys 


Leu 


Arg 








340 








345 








350 






Val 


Asp 


Pro 


Val 


Pro 


Pro 


Pro Asn 


Glu 


Phe 


Val 


Phe Asn 


His 


Tirp 


Arg 






355 








J D u 








Jo 3 








Val 


Ser 


Tyx 


Ser 


Ser 


Cys 


Lys Tyr 


Ser 


His 


Leu 


He Thr 


Ser 


His 


Gin 




370 










■5 T C 








380 








Phe 


Gin 


Pro 


Ser 


V3XU 


Leu 


I le Lys 


Tyr 


Trp 


Asn 


His Leu 


(axn 


Gin 


Asn 


385 










"i Q r\ 








3 95 








400 


Lys 


His 


Asn 


Ala 


Cys 


Ala 


Asn Ala 


Ala 


Lys 


Glu 


Lys Ala 


Gly 


Arg 


Tyr 










405 








410 








415 




Arg 


His 


Arg 


Lys 


Leu 


His 
























420 






















<210> 27 
























<211> 331 
























<212> PRT 
























<213> Mus muscrulus 




















<400> 27 
























Met 


Ala 


Pro 


Ala 


Val 


Leu 


Thr Ala 


Leu 


Pro 


Asn 


Arg Met 


Ser 


Leu 


Arg 


1 








5 








10 








15 




Ser 


Leu 


Lys 


Tito 


Ser 


Leu 


Leu Leu 


Leu 


Ser 


Leu 


Leu Ser 


Phe 


Leu 


Val 








20 








25 








30 






lie 


Trp 


Tyr 


Leu 


Ser 


Leu 


Pro His 


Tyr Asn 


Val 


He Glu 


Arg 


Val 


Asn 






35 








40 








45 








Trp 


Met 


Tyr 


Phe 


Tyr- 


Glu 


Tyr Glu 


Pro 


He 


Tyr 


Arg Gin 


Asp 


Phe 


Arg 




50 










55 








60 








Pile 


Tlir 


Leu 


Arg 


Glu 


His 


Ser Asn 


Cys 


Ser 


His 


Gin Asn 


Pro 


Phe 


Leu 


65 










70 








75 








80 


Val 


lie 


Leu 


Val 


Thr 


Ser 


Arg Pro 


Ser 


Asp 


Val 


Lys Ala 


Arg 


Gin 


Ala 










85 








90 








95 




lie 


Arg 


Val 


Thr 


Trp 


Gly 


Glu Lys 


Lys 


Ser 


Trp 


Trp Gly 


Tyr 


Glu 


Val 








100 








105 








110 






Leu 


Thr 


Phe 


Phe 


Leu 


Leu 


Gly Gin 


Gin 


Ala 


Glu 


Arg Glu 


Asp 


Lys 


Thr 






115 








120 








125 








Leu 


Ala 


Leu 


Ser 


Leu 


Glu 


Asp Glu 


His 


Val 


Leu 


Tyr Gly 


Asp 


Xle 


He 




130 










135 








140 








Arg 


Gin 


Asp 


Phe 


Leu 


Asp- 


Thr Tyr 


Asn 


Asn 


Xieu 


Thr Leu 


Lys 


Thr 


He 


145 


























IbO 


Met 


Ala 


Phe 


Arg 


Trp 


Val 


Met Glu 


Phe 


Cys 


Pro 


Asn Ala 


Lys 


Tyr 


He 










165 








170 








Jl / Z> 




Met 


Lys 


Thr 


Asp 


Thr 


Asp 


vaj. Jb^ne 


He 


Asn 


Thr 


Gly Asn 


Leu 


Val 


Lys 








180 








185 














Tyr 


Leu 


Leu 


Asn 


Leu 


Asn 


His Ser 


Glu Lys 


irne 


Pne Tnr 


Gly 


*ryT 


Pro 






195 








200 








205 








Leu 


lie 


Asp 


Asn 


Tyr 


Ser 


Tyr Arg 


Gly Phe 


Phe 


His Lys 


Asn 


His 


He 




210 










215 








220 








Ser 


Tyr 


Gin 


Glu 


Tyr 


Pro 


Phe Lys 


Val 


Phe 


Pro 


Pro Tyr 


Cys 


Ser 


Gly 


225 










230 








235 








240 


Leu 


Gly 


Tyr 


He 


Met 


Ser 


Gly Asp 


Leu 


Val 


Pro 


Arg Val 


Tyr 


Glu 


Met 










245 








250 








255 




Met 


Ser 


His 


Val 


Lys 


Pro 


Xle Lys 


Phe 


Glu 


Asp 


Val Tyr 


Val 


Gly 


He 








260 








265 








270 
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Cys I*eu Asn Leu lieu Lys Val Asp He 

275 280 
Leu Phe Plxe Leu Tyr Arg He His lieu 

290 295 
Val He Ala Ala His Gly Phe Ser Ser 
305 310 
Gin Val Met Leu Arg Asn Thr Thr Cys 
325 



PCTAJSOl/15452 
His He Pro Glu Asp Thr Asn 
285 

Asp Val Cys Gin Leu Arg Arg 
300 

Lys Glu He He Thr Phe Trp 
315 320 
His Tyr 
330 



<210> 28 
<211> 371 
<212> PRT 

<213> MuB inusculus 
<400> 28 

Met Pro Leu Ser Leu Phe Arg Arg Val Leu Leu Ala Val Leu Leu Leu 

15 10 15 

Val He He Trp Thr Leu Phe Gly Pro Ser Gly Leu Gly Glu Glu Leu 

20 25 30 

Leu Ser Leu Ser Leu Ala Ser Leu Leu Pro Ala Pro Ala Ser Pro Gly 

35 40 45 

Pro Pro Leu Ala Leu Pro Arg Leu Leu He Ser Asn Ser His Ala Cys 

50 55 60 

Gly Gly Ser Gly Pro Pro Pro Phe Leu Leu He Leu Val Cys Thr Ala 
65 70 75 80 

Pro Glu His Leu Asn Gin Arg Asn Ala He Arg Ala Ser Trp Gly Ala 

85 90 95 

He Arg Glu Ala Arg Gly Phe Arg Val Gin Thr Leu Phe Leu Leu Gly 

100 105 110 

Lys Pro Arg Arg Gin Gin Leu Ala Asp Leu Ser Ser Glu Ser Ala Ala 

115 120 125 

His Arg Asp He Leu Gin Ala Ser Phe Gin Asp Ser Tyr Arg Asn Leu 

130 135 140 

Thr Leu Lys Thr Leu Ser Gly Leu Asn Trp Val Asn Lys Tyr Cys Pro 
145 150 155 160 

Met Ala Arg Tyr He Leu Lys Thr Asp Asp Asp Val Tyr Val Asn Val 

165 X70 175 

Pro Glu Leu Val Ser Glu Leu He Gin Arg Gly Gly Pro Ser Glu Gin 

180 185 190 

Trp Gin Lys Gly Lys Glu Ala Gin Glu Glu Thr Thr Ala He His Glu 

195 200 205 

Glu His Arg Gly Gin Ala Val Pro Leu Leu Tyr Leu Gly Arg Val His 

210 215 220 

Trp Arg Val Arg Pro Thr Arg Thr Pro Glu Ser Arg His His Val Ser 
225 230 235 240 

Glu Glu Leu Trp Pro Glu Asn Trp Gly Pro Phe Pro Pro Tyr Ala Ser 

245 250 255 

Gly Thr Gly Tyr Val Leu Ser He Ser Ala Val Gin Leu He Leu Lys 

260 265 270 

val Ala Ser Arg Ala Pro Pro Leu Pro Leu Glu Asp Val Phe Val Gly 

275 280 285 

Val Ser Ala Arg Arg Gly Gly Leu Ala Pro Thr His Cys Val Lys Leu 

290 295 300 

Ala Gly Ala Thr His Tyr Pro Leu Asp Arg Cys Cys Tyr Gly Lys Phe 
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305 310 315 320 

Leu Leu Thr Ser His Lys Val Asp Pro Trp Gin Met Gin Glu Ala Trp 

325 330 335 

Lys Leu Val Ser Gly Met Asn Gly Glu Arg Thr Ala Pro Phe Cys Ser 

340 345 350 

Trp Leu Gin Gly Phe Leu Gly Thr Leu Arg Cys Arg Phe lie Ala Trp 

355 360 365 

Phe Ser Ser 
370 



<210> 29 

<211> 325 

<212> PRT 

<213> Mus musculus 



<400> 29 



Met 


Lys 


Val 


Phe 


Arg Arg 


Ala Trp Axg His Arg Val 


Ala Leu Gly 


Leu 


1 








5 


10 


15 




Gly 


Gly 


Leu 


Ala 


Phe Cys 


Gly Thr Thr Leu Leu Tyr 


Leu Ala Arg 


Cys 








20 




25 


30 




Ala 


Ser 


Glu 


Gly 


Glu Thr 


Pro Ser Ala Ser Gly Ala 


Ala Arg Pro 


Arg 






35 






40 


45 




Ala 


Lys 


Ala 


Phe 


Leu Ala 


Val Leu Val Ala Ser Ala 


Pro Arg Ala 


Val 




50 








55 60 






Glu 


Arg 


Arg 


Thr 


Ala Val 


Arg Ser Thr Trp Leu Ala 


Pro Glu Arg 


Arg 


65 








70 


75 




80 


Gly 


Gly 


Pro 


Glu 


Asp Val 


Trp Ala Arg Phe Ala Val 


Gly Thr Gly 


Gly 










85 


90 


95 




Leu 


Gly 


Ser 


Glu 


Glu Arg 


Arg Ala Leu Glu Leu Glu 


Gin Ala Gin 


His 








100 




105 


110 




Gly 


Asp 


Leu 


Leu 


Leu Leu 


Pro Ala Leu Arg Asp Ala 


Tyr Glu Asn 


Leu 






115 






120 


125 




Thr 


Ala 


Lys 


Val 


Leu Ala 


Met Leu Thr Trp Val Asp 


Glu Arg Val 


Asp 




130 








135 140 






Phe 


Glu 


Phe 


Val 


lie Lys 


Ala Asp Asp Asp Ser Phe 


Ala Arg Leu 


Asp 


145 








150 


155 




160 


Ala 


lie 


Leu 


Val 


Asp Leu 


Arg Ala Arg Glu Pro Ala 


Arg Arg Arg 


Arg 










165 


170 


175 




Leu 


Tyr 


Trp 


Gly 


Phe Phe 


Ser Gly Arg Gly Arg Val 


Lys Pro Gly 


Gly 








180 




185 


190 




Arg 


Trp 


Arg 


Glu 


Ala Ala 


Trp Gin Leu Cys Asp Tyr 


Tyr Leu Pro 


Tyr 






195 






200 


205 




Ala 


Leu 


Gly 


Gly 


Gly Tyr 


Val Leu Ser Ala Asp Leu 


Val His Tyr 


He 




210 








215 220 






Arg 


Leu 


Ser 


Arg 


Glu Tyr 


Leu Airg Ala Trp His Ser 


Glu Asp Val 


Ser 


225 








230 


235 




240 


Leu 


Gly 


Thr 


Trp 


Leu Ala 


Pro Val Asp Val Gin Arg 


Glu His Asp 


Pro 










245 


250 


255 




Arg 


Phe 


Asp 


Thr 


Glu Tyr 


Lys Ser Arg Gly Cys Asn 


Asn Gin Tyr 


Leu 








260 




265 


270 




Val 


Thr 


His 


Lys 


Gin Ser 


Pro Glu Asp Met Leu Glu 


Lys Gin Gin 


Met 






275 






280 


285 




Leu 


Leu 


His 


Glu 


Gly Arg 


Leu Cys Lys His Glu Val 


Gin Leu Arg 


Leu 



290 295 300 
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Ser Tyr Val Tyr Asp Trp Ser Ala Pro Pro Ser Gin Cys Cys Gin Arg 
305 310 315 320 

Lys Glu Gly Val Pro 
325 
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